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ABSTRACT 
 The first objective for this dissertation was to develop novel alternatives to 7% iodine 
for umbilical antiseptic usage in newborn animals. The expected outcome was that the health 
and welfare of young calves and piglets would be maintained by using antiseptics on healing 
umbilical cords of similar efficacy as 7% iodine.   
 The second objective of this dissertation was to determine measurements at birth that 
could be used as predictors of future performance in pigs. The expected outcome was that 
measurements taken after birth could be used to predict pre-weaning mortality and incidence 
rate of umbilical hernias and weight at 150 d of age.  
 For the first objective, we developed a novel dry antiseptic utilizing nisin, a short 
chain peptide. We also evaluated other novel compounds including; 1000 ppm chlorine, 4% 
chlorhexidine, 10% trisodium citrate and 2% iodine.  
 For the second objective, we discovered that the ratio of umbilical cord diameter to 
birth weight was a far better predictor of future pig performance than either parameter alone 
or the interaction of the two measurements.  
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CHAPTER 1. GENERAL INTRODUCTION 
 
Thesis Organization 
The following dissertation is organized into seven chapters. Chapter two is a review 
of the literature covering prenatal development, placental effects, and pre-weaning 
management effects on post-weaning performance in porcine and bovine species. Chapters 
three through five are a summary of research conducted to examine the effects of various 
antiseptic compounds and environments on umbilical cord healing and infection rates in pre-
weaned dairy calves and piglets. Chapter six is a summary of research conducted to examine 
the effects of umbilical management and farrowing stall conditions on pre-weaning mortality, 
umbilical hernia incidence and 150 d weight in swine. Chapter seven is a summary of 
research conducted to examine the effect of umbilical diameter to body weight ratio on pre-
weaning mortality, umbilical hernias, and 150 d weight in swine. Chapter eight contains 
general conclusions from the outlined experiments.  
 
Study Objectives and Expected Outcomes 
The first objective for chapters 3 through 5 was to develop novel alternatives to 7% 
iodine for umbilical antiseptic usage in newborn animals. The expected outcome was that the 
health and welfare of young calves and piglets would be maintained by using antiseptics on 
healing umbilical cords of similar efficacy as 7% iodine.  The expected outcome was that the 
health and welfare of young calves and piglets would be maintained by using antiseptics on 
healing umbilical cords of similar efficacy as 7% iodine.   
 The objective of chapters 6 and 7 was to determine measurements at birth that could 
be used as predictors of future performance in pigs. The expected outcome was that 
	 2	
measurements taken after birth could be used to predict pre-weaning mortality and incidence 
rate of umbilical hernias and weight at 150 d of age.  
 For the first objective, we developed a novel dry antiseptic utilizing nisin, a short 
chain peptide. We also evaluated other novel compounds including; 1000 ppm chlorine, 4% 
chlorhexidine, 10% trisodium citrate and 2% iodine.  
 For the second objective, we discovered that the ratio of umbilical cord diameter to 
birth weight was a far better predictor of future pig performance than either parameter alone 
or the interaction of the two measurements.  
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CHAPTER 2. PRENATAL AND PRE-WEANING FACTORS IMPACTING POST-
WEANING PERFORMANCE IN PORCINE AND BOVINE SPECIES: 
LITERATURE REVIEW 
Section 1: Placental Function and Efficiency  
 
Placental function 
The Latin word for flat cake (placenta) provided the origins for the medieval term 
placenta uterine, or uterine cake, due to the resemblance between the human placenta and the 
flat, rounded loaves of bread consumed during the medieval period (Schlafer et al., 2000). 
The placenta maintains fetal viability through parturition by carrying out many critical 
physiological functions, including endocrine support of fetal and maternal functions, waste 
removal, and nutrient and gas transport. How efficiently the placenta can deliver nutrients 
and oxygen from the dam to the fetus depends on the vascularity and the concentration of 
transport systems within the placenta (Parrish, 2012).  
The placenta is a versatile endocrine organ that synthesizes and secretes hormones 
and growth factors including steroid hormones (progestins and estrogen) and protein 
hormones (i.e., placental lactogens and relaxin) (Bowen, 2000). In addition to producing 
hormones and growth factors, the placenta also synthesizes and regulates nutrient 
transporters that move substrates from the dam into the fetus. Many of these functions serve 
an important role to control fetal growth and survivability.  Specialized epithelial cells which 
comprise the outermost layer of the trophoblast (synctiotrophoblasts) produce many of these 
hormones which are secreted into the maternal blood supply, including placental growth 
hormone (pGH), a primary endocrine regulator of fetal growth (Alsat et al., 1997). Placental 
growth hormone also regulates nutrient transporters (among many potential candidates that 
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are thought to be involved) and is therefore critical in the control of substrates passed from 
dam to fetus. Maternal IGF-1 (insulin-like growth factor 1) is synthesized by the liver and 
mediates the effects of pGH (Alsat et al., 1997). Concentrations of pGH are documented to 
decrease during cases of intrauterine growth restriction (IUGR) (Mirlesse et al., 1993).  
Placentally-derived progestins, including progesterone, are very important and have two 
significant roles during pregnancy: first, to support the endometrial lining of the uterus which 
provides a favorable environment for fetal survival (the pregnancy will be terminated if the 
endometrium is deprived of progestins). Secondly, the suppression of contractility in the 
myometrium (uterine smooth muscle), however, this effect is counteracted by increasing 
concentrations of estrogens toward the end of gestation, facilitating the onset of parturition 
(Bowen, 2000). Placental progesterone synthesis is not yet fully understood and differs 
among species (Hoffmann et al., 1994). In sheep and horses, the initial maintenance of 
pregnancy is ensured by luteal progesterone followed by the synthesis of progestogens 
derived from the placenta playing a major role in the maintenance of pregnancy to term 
(Hoffmann et al., 1994). In bovine species, progesterone is produced primarily by the corpus 
luteum throughout gestation while the placental production is temporary and far less 
important (Chew et al., 1979a; Day, 1977; Estergreen et al., 1967; Johnson et al., 1981).  
Towards the end of the gestational term, the high levels of estrogen prepare the uterus 
for parturition in part by inducing myometrial oxytocin receptors. In addition, placentally-
derived estrogen, along with placental lactogen and other hormones, stimulate mammary 
gland development through both ductal and alveolar growth (Bowen, 2000). In bovine 
species, estrogens derived from the placenta exceed those of ovarian origin. The 
physiological activity of placental estrogens continues for several months in the presence of 
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high progesterone levels; this phenomenon may explain the different functions of ovarian 
derived estrogen (Hoffmann and Schuler, 2002 and Birgel et al., 1996). Estrogen and 
progesterone are synthesized in high amounts by trophoblastic tissues of the bovine placenta 
while the bovine caruncular tissue in the uterus possess both estrogen receptors and 
progesterone receptors; caruncle growth and function are thought to be controlled by the 
paracrine activities of placentally-produced estrogen and progesterone (Hoffmann and 
Schuler, 2002).  
Placental lactogen functions are also not fully understood. They appear to mobilize 
energy substrates for fetal use by modulating fetal and maternal metabolism (Bowen, 2000). 
In some species the development of the mammary gland prior to birth and stimulation of the 
corpus luteum is prompted by placental lactogens. Relaxin is a hormone synthesized in some 
species by the placenta, in others by the corpus luteum, and in other species it is produced by 
both. The two main functions of relaxin are to interact with progesterone to maintain 
pregnancy and to relax the pelvic ligaments at the initiation of parturition to ensure a 
successful delivery of the fetus (Bowen, 2000). 
Environmental conditions that favor fetal growth may increase concentrations of 
insulin-like growth factors (IGFs), insulin, and thyroid hormones while catecholamines and 
cortisol decrease in concentrations (Fowden and Forhead, 2004). Partitioning of maternal 
nutrients for fetal growth can be the result of changes in both fetal and maternal endocrine 
environments that are modified by glucocorticoid-induced changes in placental hormone 
production and metabolism (Fowden et al., 2009). Glucocorticoids are able to affect their 
own activity in the body by down-regulating 11β-hydroxysteroid dehydrogenase type 2 
(which alters active glucocorticoids to their inactive metabolites) in placental tissues. (Clarke 
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et al. 2002; Kerzner et al. 2002).  Insulin-like growth factors (IGFs) respond to the maternal 
plane of nutrition in the maternal and fetal systems and are produced by many fetal tissues. 
Glucocorticoids, insulin, thyroid hormones and other hormones affect the expression of IGF 
in fetal and placental tissues (Fowden and Forhead, 2004). Ultimately, IGFs mediate the 
changes in placental efficiency that occur in response to nutritional or other environmental 
challenges (Fowden et al., 2009).  Although both fetal insulin and IGFs affect patterns of 
fetal growth, growth hormone has an extremely limited effect. Insulin is important because it 
is a physiological stimulator of fetal growth and affects most fetal tissues, except the brain 
(Jansson and Powell, 2000). In cattle, protein deprivation and high fat feeding of the dam 
causes changes in maternal and fetal leptin concentrations which may induce corresponding 
increases in efficiency of amino acid transport in the placenta (Jansson et al. 2006; Jones et 
al. 2009; Forhead and Fowden, 2009).  
In addition to the secretion and creation of hormones, the placenta produces 
adenosine and prostaglandin D2.  These function together to induce a sleep-like state in the 
fetus (Mellor et al., 2005). Adenosine concentration levels vary within the fetal brain. For 
example, the cortex contains higher concentrations compared to the brainstem (Koos et al., 
2001). Adenosine A1 and A2A receptors are documented to regulate breathing and sleep 
states in fetal sheep which serve as important practice for extrauterine life (Koos et al., 2001). 
The placenta also produces pregnanes (allopregnanolone and pregnanolone) that function as 
neurosteroidal anesthetics throughout the last half of pregnancy and also contribute to 
reduced fetal awareness through this period (Nguyen et al., 2003). Overall, the intrauterine 
environment provides cushion to tactile stimulation, warmth, and buoyancy via amniotic 
fluid for the fetus. This environment, in combination with the sleep-inducing neurochemicals, 
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serve to reduce mechanical stimulation and help protect the integrity of this sleep-like 
condition and reduced fetal awareness to promote proper development through gestation 
(Mellor et al., 2005).  
Although the fetus develops in a sterile environment, some function of the innate 
aspects of the immune system are essential for the survival of the fetus throughout gestation. 
The chorionic mesenchyme produces macrophages throughout early pregnancy, while later 
in gestation, macrophages originate from fetal bone marrow-derived monocytes. 
Macrophages produce pro-inflammatory cytokines that are play an important role in antigen 
presentation (Schlafer et al., 2000). In cattle, pigs, sheep and horses, transplacental transfer of 
immunoglobulins in utero does not occur and newborns are totally reliant on the postnatal 
ingestion of immunoglobulins in colostrum (Bowen, 2000), while primates, humans and 
rodents all have the capability of transplacental transfer of maternal immunoglobulin G via 
immunoglobulin-binding proteins in the placenta (Bowen, 2000).  
 
Placental efficiency  
Placental efficiency has been defined in a variety of ways, but it is most often 
calculated as grams of fetus produced per gram of placenta (Wilson and Ford, 2001). 
Variability between species is high when measuring placental efficiency in this way; at the 
low end, human placental efficiency is approximately 5 g of fetus produced per 1 g of 
placenta, while the equine placental efficiency is approximately 20 g of fetus produced per 1 
g of placenta (Leiser & Kaufmann, 1994). This measurement also differs by breed; prolific 
pig breeds and hardier sheep breeds have greater placental efficiencies (Wilson et al. 1998; 
Wilson and Ford, 2001; Dwyer et al. 2005; Vonnahme et al. 2006). Certain maternal traits in 
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humans, such as high maternal fat mass and large maternal head circumference are associated 
with greater placental efficiency due to larger placental surface area (Winder et al., 2011). 
Knight and others (1977) reported that placental weight and fetal weight are strongly 
associated, and placental weight alone was as accurate of a predictor of fetal weight as a 
summation of documented individual traits such as; placental surface area, placental length 
or areolae surface area.   
Alternatively, placental efficiency in humans has been calculated using placental 
breadth and length in place of placental weight (Winder et al., 2011).  Some researchers have 
also substituted the surface area for exchange in place of placental weight, however, this is 
rarely utilized due to the relative difficulty in making that measurement (Baur, 1977; 
Wooding and Burton, 2008).  Since the surface area for exchange is strongly correlated with 
the weight of the placenta (Biensen et al., 1998), the additional effort taken to measure 
placental surface area for exchange also did not add to the precision of the estimates for 
placental efficiency (Knight et al., 1977; Leiser and Kauffmann, 1994; Ford, 1997; Biensen 
et al., 1998; Wilson et al., 1999; Vallet et al., 2001, Van Rens et al., 2005).  
Winder and others (2011) speculated that placental development, placental efficiency 
and ability to transfer nutrients reflects the lifetime maternal plane of nutrition starting with 
her fetal development and continuing throughout her lifetime. As mentioned previously, 
changes in nutrient partitioning and(or) maternal metabolism affect the capability of the 
placenta to provide nutrients or hormones to both the fetus and mother and therefore alter 
placental efficiency (Fowden and Forhead, 2009). Since the placenta adapts both functionally 
and morphologically in response to altered nutrient supply or an altered endocrine profile, 
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placental efficiency can be measured and used as a useful index of feto-placental adaptation 
(Jansson and Powell, 2006; Fowden and Forhead, 2009).  
In swine, research indicates that placental efficiency is one critical component 
determining uterine capacity, which can dictate intrauterine growth restriction (Wilson and 
Ford, 2001). Uterine capacity ultimately controls fetal size, while fetal genotype controls 
placental efficiency by controlling vascularization of the placenta (Biensen et al., 1999). In 
addition, placental efficiency is a trait associated with each individual conceptus which varies 
significantly within a litter (Wilson and Ford, 2001). In litter bearing species, like pigs, rats 
and mice, placental efficiency is positively correlated with litter size and can vary 
significantly within a litter (Kurtz et al. 1999; Wilson and Ford, 2001; Buresova et al. 2006). 
This trend is similar even in di- and tri-tocous species, and is higher in triplet than twin or 
single pregnancies (Dwyer et al. 2005; Konyali et al. 2007; Rutherford & Tardif, 2009). 
Placental efficiency can be modified experimentally by manipulating uterine blood flow, 
changing maternal dietary composition and(or) intake, and by altering oxygen availability.  
Modifications made by the placenta may not only be functional in origin, but morphological 
as well (Fowden et al., 2009). Small placentae adapt to increase efficiency to optimize fetal 
growth throughout the first two trimesters; however, eventually intrauterine growth becomes 
reduced later in the third trimester (Fowden et al., 2009). An additional consideration is 
parity; throughout the first few parities placental efficiency increases, but eventually begins 
to decline with subsequent pregnancies (Dwyer et al. 2005; Wilsher and Allen, 2003; Bravo 
et al. 2009). 
As stated earlier. morphological differences in placentae dramatically affect the 
species differences in placental efficiency; this is due in large part to differences in the 
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number and thickness of placental tissue layers that separate maternal and fetal blood vessels 
(Leiser and Kaufmann, 1994). Surprisingly, because of the complex relationship between 
placental nutrient transport and fetal growth, epitheliochorial placentae, characterized by 8 
tissue layers separating maternal and fetal blood, can be equally as efficient as hemochorial 
placentae with only 4 tissue layers (Fowden et al. 2006b; Wooding and Burton, 2008). 
However, placental efficiency is affected by the functional surface area for exchange and(or) 
differences in the architecture and capillary density of both the placental and maternal 
vasculature (Fowden et al. 2006b; Wooding and Burton, 2008). The patterns of blood flow 
determined by vascular architecture of the placenta has the greatest impact on species 
variations in placental efficiency. There are two distinct patterns of blood flow present in 
placental vasculature; counter current arrangements (horse and mouse) have higher placental 
efficiencies when compared to cross-current flows, more characteristic in sheep or human 
placentae (Leiser and Kaufmann, 1994). However, the causal relationship between placental 
efficiency and placental vascularity has been challenged. Increased placental efficiency and 
the associated increase in placental vascularity is also associated with reduced placental 
weight. Vallet (2000) reported non-significant correlations between placental vascularity and 
placental weight or placental efficiency.  
Like so many other species, the nutrient transport from the sow to the developing 
fetal piglet is dependent on the functionality and size of each individual placenta (Vallet and 
Freking, 2007). In the swine placenta, maternal and fetal blood vessels are arranged in a 
cross-countercurrent pattern with close apposition of these vessels within placental tissue 
folds. The width of these microscopic tissue folds therefore affects placental efficiency due to 
this unique vascular arrangement (Vallet and Freking, 2007). Vallet and Freking (2007) 
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reported smaller fetuses were associated with smaller placentae that had an increased width 
of these folds which is hypothesized to increase placental surface area and efficiency (Vallet 
and Freking, 2007). However, even though a fetus may have a more efficient placenta that is 
able to transfer more substrates per unit weight; this more efficient nutrient transfer still does 
not support fetal growth as well as less efficient, larger placentae (Fowden et al., 2008).  
Capillary density is the final important morphological factor that contributes to 
species and breed differences in placental efficiency. For example, more prolific breeds of 
pigs and sheep have increased capillary density with smaller individual placentae and smaller 
individual fetuses.  They also have higher fetal weights relative to placental weights, 
indicating increased placental efficiency (Wilson and Ford, 2001; Reynolds et al. 2006). 
Additionally, higher placental efficiency within litters of piglets is associated with smaller 
placentae with both higher vascularity and increased expression of vascular endothelial 
growth factor (VEGF) (Vonnahme et al. 2001). In contrast, heat stressed, over-nourished 
adolescent ewes with small, efficient placentae have decreased vascularity and VEGF 
expression (Regnault et al. 2005; Reynolds et al. 2006).  
In conclusion, efficiency of the placenta to support fetal growth, independent of 
species or breed differences, can be varied in response to a genetically determined drive for 
fetal growth and to varied environmental conditions (Fowden et al., 2009). If the availability 
of substrates is not properly matched to fetal needs, functional and morphological adaptions 
occur to the placenta throughout gestation.  These adaptations occur to correct this imbalance 
and improve fetal outcomes. However, the specific capabilities for adaptations differ between 
species, placental type, stage of gestation, as well as severity and duration of the insult 
(Fowden et al., 2009).  
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Factors that impact placental efficiency 
Overall, measuring placental efficiency at any gestational age can be used to estimate 
in-utero conditions and allows estimation of feto-placental adaptations. (Fowden et al. 
2006a). Factors that overwhelm the adaptive capacity of the placenta will compromise 
placental efficiency. Maternal anemia, reduced uterine blood flow, and(or) maternal or fetal 
hypoxemia all will reduce placental efficiency. Interestingly, maternal dietary restriction, 
especially protein restriction, tends to increase placental efficiency. Concentrations of 
nutrients in fetal circulation can be altered by maternal dysregulation (e.g., hyperglycemia 
from maternal diabetes results in fetal overgrowth) or inadequate supply from the maternal 
side (e.g., maternal undernutrition causing intrauterine growth restriction (Jansson et al., 
1998; Norberg et al., 1998). Jansson and Powell (2000) proposed that in response to substrate 
supply, the placenta adapts transport functions. Therefore, fetal growth can be regulated by 
placenta transporter alteration in activity or expression in response to maternal changes.   
Intrauterine growth restriction (IUGR) is a fetal response to an inadequate substrate 
supply and can be caused by many factors. This phenomenon results in overall reduced fetal 
growth or impairment and in some cases impaired growth or function of fetal organs.  
Intrauterine growth restriction affects up to 5-10% of pregnancies in developing countries 
(Le et al., 2012; Limesand et al., 2006; Bamfo et al., 2011; Wu et al., 2006). In animals, any 
birth weight more than two standard deviations below the mean is defined as IUGR (Ji et al., 
2017).  For example, the mean birth weight of piglets born to crossbred sows (Yorkshire × 
Landrace dams and Duroc × Hampshire boars) is 1.4 kg, so piglets less than 1.1 kg at birth 
are considered to have IUGR (Ji et al., 2017).  One estimate suggests that piglets with IUGR 
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account for 76% of preweaning deaths in the industry (Wu et al., 2010); because of the low 
probability of raising these piglets successfully, many producers will cull these animals 
(Kraeling et al., 2015). 
Placental insufficiency, regardless of the cause, ultimately increases the risk of IUGR, 
abortion, stillbirth, and pre-weaning mortality (Vallet et al., 2009). Intrauterine fetal 
crowding is the most important factor leading to IUGR and increasing the risk of mortality 
(Knight et al., 1977). In swine, increased litter size may limit total nutrients available to each 
individual fetus and results in a larger decrease in fetal weight relative to decreases in 
placental weight. As a consequence, selection strategies focused on increasing litter size will 
likely result in inadvertently selecting for slower growing fetal littermates with relatively 
lower nutrient requirements (Mesa et al., 2003).  
During IUGR pregnancies, changes in placental efficiency and increased 
glucocorticoid production (in response to placental restriction and insufficiency) will restrict 
fetal growth (Zhang et al., 2015). Typically, growth restrictions seen in IUGR pregnancies 
are asymmetric. The fetus spares growth and development of brain tissue at the expense of 
skeletal muscle and liver tissues, which in some cases can be severely restricted. A key signal 
of impaired fetal growth is decreased fetal insulin (Jansson and Powell, 2000).  
Maternal and(or) paternal under- or over-nutrition can induce epigenetic effects on 
feto-placental development and function that are mediated through DNA methylation, 
histone modification and microRNAs.  These epigenetic changes alter fetal genome activity, 
protein expression and physiological activity (Ji et al., 2017). Fetal programming can be 
expressed through altered organ development or function, metabolic and(or) hormonal 
imbalances, impaired growth or development of the fetus, and alterations in postnatal feed 
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efficiency, skeletal muscle mass and meat quality (Ji et al., 2017). Therefore, fetal 
malnutrition or other developmental insults result in permanent developmental adaptions for 
life (Ji et al., 2017). Sows appear to have a limited capacity to supply nutrients equally to 
their fetuses after day 60 of gestation. Fetal weight variation among littermates is higher on 
day 75 and day 102 than earlier in gestation (McPherson, 2004). The maternal plane of 
nutrition impacts placental and fetal growth the most around the time of implantation and 
during the early stages of gestation when placental development is first occurring. However, 
maternal undernutrition or overnutrition at any time throughout gestation can hinder fetal 
growth (Wu et al., 2004).  In rodent models, increased placental efficiency is observed in 
response to maternal undernutrition between days 15–16 of gestation (a period of rapid fetal 
growth). If malnutrition continues to the end of gestation, decreased placental efficiency is 
observed and results in IUGR (Woodall et al 1996; Vaughan et al. 2008).  
There are several studies that have shown that the placenta regulates fetal growth and 
that placental and fetal weights vary directly in relationship with each other (Leenhouwers et 
al., 2002; Van Rens et al., 2005; Rampersad et al., 2011).  Although these data would seem to 
suggest that placental weights would be correlated to neonatal piglet losses (since smaller 
pigs are at higher risk of mortality), studies exploring this relationship have reported 
contradictory findings (Leenhouwers et al., 2002; Van Rens et al., 2005; Baxter et al., 2008). 
In a study done by Leenhouwers and others (2002) in piglets, higher estimated breeding 
values for piglet survival (EBVps) were positively correlated with decreases in placental 
weight and a tendency for increased placental efficiency without changes in placental length. 
This suggests that fetuses with high EBVps have placentae with increased vascularity rather 
than increased surface area.  In addition, the variances associated with placental weight were 
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lower as EBVps of the litter increased, although fetal weight variances did not decrease 
accordingly (Leenhouwer et al., 2002). Fetal weight is limited by genetic growth potential 
and uterine capacity while placental weights may continue to increase (Beinsen et al, 1999; 
Van Rens and van der Lende, 2004).  Mesa and others (2003) reported that placental 
vascularity, visually scored, was not significantly correlated with placental weight or 
placental efficiency. Not surprisingly, placental weight and efficiency were negatively 
correlated.  Randomly selected control sows had increased placental efficiency compared to 
the sows selected for litter size (Mesa et al., 2003). Selecting sows for higher litter size 
actually decreased birth weight, although the weight of the placenta was similar between the 
selected and control lines. The net result was that control sows had more efficient placentae 
compared to sows selected for litter size (Mesa, 2003).  
The Meishan breed is well-known for naturally occurring large litters with high piglet 
survival rates.  In this breed, the increased uterine capacity is associated with greater 
placental vascularization rather than greater placental size during the third trimester (Ford, 
1997). Yorkshire and Meishan embryos transferred into a Yorkshire recipient will result in 
Meishan fetuses with smaller placentae possessing increased vascularization compared to 
their Yorkshire littermates. Additionally, studies have shown that placental efficiency was 
higher in Meishan fetuses, although birth weights were not different between Meishan and 
Yorkshire piglets (Wilson et al., 1998).  
Selecting for placental efficiency within Duroc × Landrace -Yorkshire crossbred pigs 
resulted in differences for both placental efficiency and weight. Specifically, high placental 
efficiency piglets of similar weight had placentae that weighed less than their less efficient 
counterparts. Placentae associated with smaller fetuses had more placental surface that 
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resulted in greater placental efficiency (Mesa et al., 2012).  Due to negative genetic 
correlations between litter size and placental efficiency, selecting for higher placental 
efficiency ultimately decreases litter size. However, selection using an index of piglet birth 
weight, litter size, and placental weight may be useful for improving traits related to pre-
weaning viability while maintaining litter size by producing heavier piglets within those 
litters (Mesa et al., 2005).  
Cloned animals provide a unique model to understand physiological mechanisms that 
produce abnormal development of the placenta and(or) fetus, as they often produce 
exaggerated examples of these differences as compared to natural variability of these same 
characteristics in conventional animals. For example, in cloned calves, large umbilical cords 
are often observed and theorized to develop in response to placental defects and subsequent 
alterations in blood flow and efficiency (Chavatte-Palmer et al., 2012). Additionally, the 
increased diameter of the umbilical vessels commonly observed in cloned animals are 
associated with abnormally large blood vessels throughout the body of the newborn, 
compromizing postnatal viability of the animal (Maiorka et al., 2015). These observations 
suggest that the cloning process induces epigenetic modifications during early gestation that 
results in alterations of differentiation of the placenta and vascular development. These 
alterations in vascular development and differentiation directly affect the functional viability 
of various vital fetal organs thus also affect the function of the placenta (Maiorka et al., 2015, 
Chavette-Palmer et al., 2012). These observations also suggest that abnormalities occurring 
during fetal and(or) placental development may be reflected in more readily measurable 
changes in umbilical cord morphology.  
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The umbilical cord serves as a vascular conduit for substrates to move between the 
placenta and the fetus (Proctor et al., 2012). It is a placentally derived structure; the outer 
sheath is derived from amniotic epithelium and the blood vessels are enclosed in and 
protected by an extracellular matrix known as Wharton’s jelly that maintains vascular 
integrity in utero. There are species differences in umbilical cord morphology; calves have 
four large blood vessels, two arteries and two veins, while piglets (like human fetuses) have 
only three blood vessels (Benirschke, 2003). Umbilical veins deliver nutrients and oxygen to 
the fetus, while umbilical arteries return oxygen-depleted, nutrient-poor blood back to the 
placenta.  
Increases in umbilical cord diameter in human fetuses is typically due to increased 
volume of the blood vessels within the cord itself. Specifically, an increase in the thickness 
of umbilical arteries accounts for the increase in cord diameter rather than increased diameter 
of the lumen of the blood vessels. In contrast, decreased umbilical cord diameter is typically 
due to a decrease in volume of Wharton’s jelly. Wharton’s jelly is primarily composed of 
hyaluronic acid with large numbers of both fibroblasts and stem cells (Wang et al., 2004); it 
is mostly concentrated in the umbilical cord, but also is found in other blood vessels 
throughout the placenta (Mitchell et al., 2003).  Thin umbilical cords in human infants 
correspond to decreases in placental weight and increases in pathogenic findings throughout 
the placenta. Umbilical cord diameter is positively associated with both newborn weight and 
placental weight. In particular, low infant birth weight is strongly associated with smaller 
umbilical diameter (Proctor et al., 2013).  
Placentally-produced fructose may be a factor contributing to some of these observed 
differences. The placenta converts glucose to fructose in ungulates and increased placental 
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fructose production may be an important factor increasing the risk of umbilical and cardiac 
anomalies in cloned animals (Batchelder, et al., 2007). In the fetal pig, fructose is the primary 
monosaccharide in amniotic fluid, allantoic fluid and fetal blood.  Concentrations of fructose 
decrease in allantoic fluid towards the end of gestation at the same time as glucose 
concentrations are increasing (Aherne et al., 1969). This phenomenon is because both the 
fetal and neonatal piglets are unable to utilize fructose as an energy source (Goodwin, 1957; 
Steele et al., 1971). Fructose is, however, used during the synthesis of glycoaminoglycans 
(such as hyaluraonic acid) that are crucial during angiogenesis, which is critical to fetal and 
placental development in all species. Therefore, placental defects (occurring as a result of the 
cloning process or other insults during early feto-placental development) are theorized to 
alter the placental production of fructose.  This change, in turn, impacts both the process of 
angiogenesis and the production of Wharton’s jelly which may contribute to the development 
of umbilical anomalies in ungulate species (Batchelder et al., 2009). 
 
Section 2: 
The Process of Parturition in Cattle and Swine 
Cattle 
 The process of parturition is initiated by the fetus. Increases in fetal hypothalamic-
pituitary-adrenal (HPA) axis function during the final few days of gestation is the critical 
trigger that initiates an endocrine cascade, culminating in the delivery of the fetus (Thornburn 
et al., 1977; Holland and Odde, 1992). Changes in the production of placentally-derived 
peptides, including corticotrophin releasing factor, are responsible for the increase in fetal 
HPA activity (Challis and Brooks, 1989; Sirinathsinghji and Heavens, 1989). Dystocia, or a 
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difficult birth, will develop in response to a prolonged gestation if the development of the 
fetal HPA axis is delayed. (Holm et al., 1961; Barnes et al, 1977). During the normal 
progression towards parturition, placentally-produced progesterone concentrations will 
decrease with an associated increase in the production of placental estrogen. Decreases in 
progesterone production leads to an increase in uterine myometrial contractile activity while 
the increased estrogen results in an increase in oxytocin receptors on the uterine myometrium 
and increased endometrial prostaglandin production (Breazile et al., 1988; Fuchs et al., 
1999). Subsequent lysis of the corpus luteum induces the secretion of relaxin that causes 
loosening of pelvic ligaments, further preparing the dam for the upcoming parturition process 
(Musah et al., 1987).  
The parturition process is divided into three stages (I, II, and III); under normal 
conditions these processes progress smoothly one after another (Schuenemann et al, 2011; 
USDA, 2010; Noakes et al., 2001). Stage I labor is distinguished by dilation and effacement 
of cervical tissue. With the reduced influence of progesterone, uterine contractions increase 
in frequency. These contractions push the fetus up to the cervical opening. In human 
pregnancies, gradual cervical softening occurs throughout gestation; in ungulates, cervical 
softening is initiated during stage I labor. While cervical softening is rapidly progressing 
during early stage I labor (Owiny et al., 1991), mechanical pressure from the chorioallantoic 
sac helps induce further cervical relaxation (Schrag and Singer, 1992). Increased frequency 
and intensity of myometrial contractions increase this mechanical pressure on the cervical 
opening. This cervical stimulation induces dramatic increases in oxytocin secretion, which 
assists in further dilating the cervix. In cattle, the cervix is dilated to approximately 5 to 10 
cm in diameter by the end of stage I labor.   
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Behavioral changes in the cow during this period are subtle; increased restlessness 
and circling (nesting) behaviors, heavy vaginal mucus discharge, increased defecation and 
urination, high respiration rates, isolation from the group; and frequent transitions between 
walking, lying down, and standing with frequent vocalizations and tail raising are all 
commonly associated with Stage I labor (Schuenemann et al., 2011; Wehrend et al., 2006; 
Miedema et al., 2011; Gundelach et al., 2009). These same behavioral signs are commonly 
observed throughout stage II and stage III labor as well. Stage I labor lasts for 2 to 16 h and 
varies with both breed and parity. 
Stage II labor is initiated as the fetus enters the cervix. Uterine contractions continue 
to increase in frequency and rhythmicity. Contractions occur as clusters of 5 to 8 
contractions.  During early stage II labor, each individual contraction lasts 1 to 2 sec while 
clusters of contractions last approximately 1 min and are separated by 2 to 3 min rest periods 
(Schrag and Singer, 1992). Abdominal contractions occur in combination with these clusters 
of uterine contractions and add exponentially to the force applied to the fetus to move 
through the birth canal. Abdominal contractions are frequent during this period (between 3 
and 9 abdominal contractions every 3 minutes). Multiparous cows normally maintain a lying 
down position from the start of abdominal contractions throughout the remainder of stage II 
labor. In contrast, first-calf heifers at the beginning of stage II labor exhibit frequent standing 
to lying position changes (Schunenemann et al., 2011b).  
Cervical stretching induces further release of oxytocin; as the calf passes through the 
cervix, concentrations of oxytocin increase 20- to 50-fold during the parturition process 
(Schams and Prokop, 1979). The density of oxytocin receptors in the myometrium are also 
dramatically increased during parturition (Alexandrova and Soloff, 1980). The primary factor 
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ultimately determining the duration of parturition is the rate of cervical dilation; pressure 
from the amnion surrounding the fetal head and shoulders passing through the cervix 
stimulates the final phase of cervical dilation. The fluid-filled amnion and chorioallantois 
also buffer the force of contractions and the pressures exerted by the undilated cervix, 
protecting the fetus during this stage of delivery. Premature rupture of the chorioallantois 
during this period not only eliminates this protection, but it also reduces the effective space 
occupied by the fetus in the uterus and results in a temporary cessation of abdominal 
contractions (Dufty, 1972).   
Fetal hooves typically are visible externally about 30 min (7 to 8 clusters of 
contractions) after the fetus enters the cervix; this is extended in calvings requiring assistance 
(Veris and Trnkova, 1993). At the point where hooves are visible, fetal progression through 
the birth canal is slowed as further dilation of the cervix is required prior to expulsion of the 
fetal head and shoulders. Approximately 5 to 45 min after the appearance of the feet 
(depending on breed and size of the fetus), the intensity and frequency of contractions 
increase again (2 to 3 sec contractions with shorter rest periods between clusters). When 
cervical dilation is completed to the point where the head and shoulders will fit, the delivery 
process is completed within 15 to 30 min. Breeds with a higher incidence of dystocia require 
a longer period of time from appearance of chorioallantoic sac to appearance of feet, 
appearance of feet to delivery of head, and from delivery of head to delivery of calf (O'Mary 
and Hillers, 1976). The breed of the sire has more impact on these time intervals compared to 
the breed of dam (Berglund et al., 1987). In cows or heifers experiencing normal eutocic 
births, the mean time from the end of stage I labor to full expulsion of the fetus is 
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approximately 70 min (Schuenenmann et al., 2011b), but Stage II can last from 30 min to 
over 3 h depending on breed and parity.   
Lastly, stage III is defined as the period from delivery of the fetus until the expulsion 
of the fetal membranes. The connections between the fetal cotyledons and the uterine 
caruncles must detach to allow the fetal placenta to be expelled from the uterus. These 
connections are, in part, held together by collagen, which is degraded after delivery of the 
fetus by collagenase. Collagenase production is stimulated by the decrease in progesterone 
and release of relaxin (Eiler and Hopkins, 1993). In addition, there is an active maternal 
immune response against the fetal membranes during stage III labor. During a normal Stage 
III immune process, there is increased white blood cell chemotaxis and cytokine interleukin-
8 activity resulting in a dramatic infiltration of neutrophils to this site (Gunnink, 1984, 
Heuwieser and Grunert, 1987, and Kimura et al., 2002).  Stage III labor typically takes from 
2 to 6 h in cattle. Placental membranes which are not discharged within 12 h are defined as 
retained placentae, although the time period utilized in this definition is arbitrary and differs 
dramatically between researchers and studies (Kelton et al., 1998 and LeBlanc, 2008). Cows 
delivering male calves tend to retain their placenta for longer periods of time (George and 
Barger, 1974). In addition, a dystocic event can triple the risk for retained placenta (Pollack 
and Pellisier, 1980; Peeler et al., 1994). Although the exact physiological mechanism leading 
to these increases in risk are not fully understood, the prepartum hormonal defects reported in 
cows retaining fetal membranes are similar to those reported in dystocic cows (Chew et al., 
1979b).  
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Swine 
In swine, the fetus also initiates the birth process. The final developmental surge 
affecting both the pituitary and adrenal glands in the fetus results in a higher sustained 
production of corticosteroids. In response to elevated corticosteroids, placental production of 
prostaglandins is increased, which initiates corpus luteum regression. The subsequent 
reduction in progesterone and increase in estrogen start the endocrine cascade that culminates 
in farrowing. Behavioral and physical signs of impending farrowing include swelling of the 
vulva, mammary gland enlargement, production of colostrum, increased vaginal mucous 
discharge, and nesting behaviors (Singleton et al., 1997). 
The farrowing process is comprised of the same three stages discussed above in the 
cow. Stage I labor is defined by dilation and effacement of cervical tissues until they are 
dilated enough to allow piglets to be expelled.  During stage II labor, strong abdominal 
contractions expel each piglet through the birth canal. Typically, half of the piglets are 
presented head first and approximately half are presented tail first (Singleton et al., 1997). 
Piglets are expelled about 15 min apart with the total time of farrowing taking approximately 
2.5 h. During stage III labor, the expulsion of placental membranes is typically completed 
within 2-4 h after delivery of last pig, however, portions of individual placentae may be 
delivered during stage II labor as well (Singleton et al., 1997). There are two critical phases 
of swine production systems; the gestational and neonatal (pre-weaning) periods (Wu et al., 
2014).  Approximately 75% of piglets classified as stillborn die during the farrowing process, 
predominantly from prolonged hypoxia during delivery (Van der Lende et al., 2001). 
Additionally, surviving piglets with decreased viability at birth often exhibit impaired 
performance in the preweaning phase (Van der Lende et al., 2001).  
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In both swine and cattle systems, the birth process is often intensively managed.  
Understanding the normal processes associated with parturition and how to appropriately 
manage deviations from these processes is crucially important in developing appropriate 
management strategies during this critical period.  
Calving environment 
Maintaining a clean, dry, well-ventilated birth environment is one key aspect of 
appropriately managing the parturition process in domestic animals. Careful and strategic 
management of the maternity pen will minimize disease and mortality of both the dam and 
calf. Furthermore, environmental conditions can be improved by considering behavioral 
needs of both the dam and neonate (Mee, 2008). Large (≥500 cow) cattle operations 
typically utilize close-up pens that are separate from lactating cow housing for the immediate 
2 to 3 wks prior to calving (USDA, 2002). Pasture calving, in some cases, can reduce the risk 
of dystocia and stillbirth when compared to calving in confinement (Dufty, 1981). However, 
pasture calving also increases some risks, including calf abandonment and cross fostering 
issues. Thirty percent of dairy operations utilize maternity facilities with individual calving 
pens, and forty percent pasture calve (USDA, 2002). Calving in the lactating cow facilities is 
not recommended; it is stressful and unsanitary for the newborn calf, and subsequently both 
the intensity of suckling and colostrum intake is substantially reduced. Calf mortality and 
morbidity in the first week of life is significantly increased due to exposure to high levels of 
pathogens derived from higher fecal loads in lactating cow facilities (Streit and Ernst, 1992; 
Kjoestad and Simensen, 2001).  
When utilizing group maternity pens, less than 10 cows should be housed together to 
reduce issues related to overcrowding, optimize bunk space, and maximize dry matter intake 
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of close-up cows (Krocker, 1996; Caraviello et al., 2006). Benefits associated with group 
calving include reducing the number of pen changes experienced by cows during this period, 
which reduces stress by maintaining a stable social group, and maximizing dry matter intake 
(Cook and Nordlund, 2004). Ideally, group pens should also be large enough to allow 
isolation seeking during the calving event, which is an expression of natural calving behavior 
seen in the wild (Krocker, 1996). Additional benefits that have been proposed include 
improved labor efficiency, reduced handling and movement of cows (Bewley et al., 2001), 
and greater reproductive efficiency post-calving (Caraviello et al., 2006). However, group 
calving pens increase the risk of prolonged cow residency (>10 days) (USDA, 1993); which 
increases the risks of greater levels of fecal contamination in the calving environment and 
calf exposure to increased pathogen loads (Bewley et al., 2001). This situation, combined 
with the increased risk of calf abandonment and cross suckling (Edwards, 1983) increases the 
risks of failure of passive transfer (Cook and Nordlund, 2004; Michanek and Ventorp, 1993) 
and increased risk of both respiratory (Lundburg, 2004), and enteric disease (Garber et al., 
1994). In addition, housing both multiparous cows and primiparous heifers together in an 
overcrowded group pen increases social stress and increases the incidences of dominance 
behaviors against heifers; this can increase the risks of dystocia.  
Individual calving pens have been utilized for over one hundred years; they were 
originally designed to reduce mortality by reducing pathogen exposure (Anderson and Bates, 
1982; Bewley et al., 2001). In addition, they allowed for individual cow management and 
allowed for safer and (in some designs) easier assistance during dystocia (Broadwater, 2004). 
Some studies have reported high producing cows utilizing individual calving pens have 
reduced culling rates in comparison with those utilizing group calving pens (Weigel et al., 
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2003). Overall, individual maternity pens can provide ideal conditions for the newborn calf 
and cow on farms when labor is abundant and cleanliness is maintained. However, group 
calving pens, if clean, dry, well-ventilated and not overstocked, can be utilized as a quality 
calving environment (Mee, 2008).  
 
Farrowing environment 
Facility and farrowing stall design impacts sow and piglet survivability, passive 
immunity, welfare and behavior (Rohde Parfet et al., 1989; Blackshaw et al., 1994) Piglets 
born in stall environments spend two times the amount of time at the sow udder than those 
born in pen environments. Additionally, if piglets are moved under heat lamps or to heated 
pads, they have a decreased risk of being crushed. However, Svendsen and others (1986) 
reported that it took piglets up to 48 h to utilize heat sources, while Blackshaw and Hagelsø 
(1990) reported that it was not until 8 d of age that almost all piglets stay under their heat 
source. With any stall or pen design utilized for farrowing, and no matter how maternal or 
careful a sow may be, piglets that do not move to safety when the sow is preparing to lie 
down will likely be crushed.  
  Because piglets are born without any brown adipose tissue (BAT) they are also 
limited in their ability to produce β-hydroxybutyrate and acetoacetate from fatty acids. In 
other newborns with BAT, these ketones are crucially important substrates for ATP 
production by a variety of non-hepatic tissues, including skeletal muscle, brain, heart, and 
kidneys (Duee et al., 1994). Piglets also born with limited adipose storage of triglycerides. 
The end result is a neonate with limited thermogenic capacity leaving the piglet at great risk 
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for hypothermia (Ji et al., 2017). High risks for mortality and morbidity are present in 
conditions where the piglet either fails to adequately thermoregulate or to obtain adequate 
nutritional support from the lactating sow. Management of this perinatal time is complicated 
in swine due to the fact that sows are susceptible to heat stress due to their lack of sweat 
glands while piglets have a much higher thermoneutral zone.  When heat stressed, sows 
increase their production of oxygen free radicals while piglets have the same response to 
hypothermic situations. Oxidative stress in both of these situations lead to decreased 
performance, especially reduced feed efficiency in pre-weaned pigs (Ji et al., 2017). 
Management strategies are therefore focused on providing two separate microenvironments 
in the same stall; a heat source (such as a heating pad, heat lamp, or both) is provided in the 
farrowing pen to control the microenvironment on the piglet level while the room maintains a 
cooler temperature more conducive to the comfort of the sow. 
 
Postnatal care of the umbilical cord 
The overall goal of immediate postnatal care of newborns is to prevent disease by 
maintaining sanitary, well-ventilated conditions immediately after birth, provide high quality 
colostrum, utilize umbilical antiseptics, and provide clean and dry environments to decrease 
mortality. The care of the umbilical cord is easily overlooked during the immediate postnatal 
period with so many other priorities requiring management attention.   
The ruptured umbilicus that is created immediately following stage II of parturition is 
a high-risk situation throughout the healing process. After spontaneous rupture, the urachus 
and ruptured blood vessels retract into the abdomen, helping to protect them from 
contamination commonly present in the maternal environment (Mee, 2008). Despite this, 
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omphalitis (umbilical infection) still occurs in approximately 10% of newborn calves (Virtala 
et al., 1996 and Miessa et al, 2003). Most of these cases are left untreated (Virtala et al., 
1996) and therefore lead to reduced growth, joint infections, and death. In swine, Nielsen and 
others (1975) reported that although there are many common causes of septicemia in piglets, 
approximately 2% of piglets that were born alive died from septicemia developed from 
umbilical infection. Some researchers have theorized that the abdominal wall musculature 
and umbilical ring is prevented from healing and closing completely because of chronic 
subclinical umbilical infections (omphalitis), which subsequently leads to a higher risk for 
umbilical hernias later in life (Blackwell et al., 2007). Umbilical hernias occur in 
approximately 1% of the swine population (Spicer, 2006), although the range is high across 
facilities. It is commonly believed that the use of umbilical antiseptic compounds to prevent 
umbilical infection is one of the most practical management steps producers can take to 
decrease the risk of umbilical hernias in growing pigs (Nielsen et al., 1975), although data 
supporting this practice is virtually non-existent.  
Prevention of omphalitis includes several key management factors; reducing 
pathogen load in maternity or farrowing pens, reducing time spent in high-risk environments 
(bedding packs), ensuring adequate passive transfer of maternal immunity, and early 
treatment with effective navel antisepsis. Current literature identifying the most prevalent 
bacteria causing umbilical infections in animals in very limited, however, group B 
Streptococcus, Staphylococcus aureus, and Escherichia coli are the primary pathogens that 
cause umbilical infections in infants (Mullany et al., 2003). These data suggest that gram-
positive bacteria normally present in feces can significantly contribute to the risk of umbilical 
infections. Recommendations on proper care are diverse, are derived from a variety of 
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sources and are often conflicting in nature. Previous data on umbilical antisepsis in 
production species are scarce, with no clear consensus. An epidemiological study utilizing 
newborn calves reported that the risk of calf mortality tended to be increased when tincture 
of iodine was applied to the cord, while the use of chlorhexidine significantly lowered the 
risk (Waltner-Toews et al., 1986). The one area of nearly universal agreement (although with 
limited research to back the consensus) is that the use of navel antisepsis provides health 
benefits to newborn calves, reducing both morbidity and mortality (Waltner-Toews et al., 
1986). Umbilical antisepsis reduces the risk of septic infections (Bennett and Jasper, 1978) as 
well as respiratory disease (Perez et al., 1990). Utilizing antiseptics on the umbilical cord in 
human infants reduces the colonizing of bacteria on the umbilicus and prevents exudate 
formation compared with dry cord care (Janssen et al., 2003). In studies with piglets 
comparing cord clamping techniques, cord trimming, and dipping with iodine, the risks for 
developing umbilical infections did not differ among treatments (Bollwahn and Voigtlander, 
1984). Some researchers suggest that in herds not experiencing umbilical infections, 
producers should focus on hygiene in the maternity environment and enhancing passive 
immunity in the calf and not devote time to cord antisepsis. Alternatively, in herds with a 
history of omphalitis problems, repeated cord dipping with chlorhexidine in addition to a 
clean maternity environment and ensuring successful passive transfer is ideal (Mee, 2008). 
Most current recommendations are based on little empirical data and more extensive 
anecdotal experience. 
The dairy industry commonly utilizes antiseptics to reduce the risk of omphalitis, 
particularly iodine and chlorhexidine (dip or spray), versus antibiotic spray or cord 
clamping/ligation (Mee, 2008). In the United States, tincture of iodine is the most commonly 
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used antiseptic for umbilical cord care due to the low cost and, until recently, easy access. 
Iodine causes cell death by rapidly penetrating into microorganisms and attacking 
nucleotides, fatty acids and proteins that are necessary for cell proliferation (McDonnell and 
Denver Russel. 1999). Iodine is commercially available in many concentrations. Iodine 
concentrations of seven percent provide highly effective killing of a wide variety of 
pathogens with a relatively short contact time. The high amounts of alcohol in these 
preparations was previously believed to speed up the desiccation rate of the umbilical stump. 
Iodine is bactericidal, sporicidal, cysticidal and virucidal (WHO Report, 1999).  Antiseptic 
properties begin to decrease approximately 15 min after dipping but remain evident for 
several hours. Unfortunately, the Drug Enforcement Administration listed iodine under the 
Controlled Substances Act in 2007. Currently, any solutions stronger than 2% iodine are 
difficult to obtain due to this regulation (DEA, 2007) and this development has led to the 
need to explore new antiseptic alternatives.  
Two-percent tincture of iodine has a high alcohol content (70%), which slows healing 
and drying of umbilicus tissue in infants and can lead to an increase in mortality (Imdad et 
al., 2013). Additionally, 2% tincture of iodine has reduced antiseptic properties compared to 
7% tincture of iodine due to the decreased amount of iodophores, which may contribute to a 
higher mortality rate. Therefore, frequent applications are needed to disinfect the area 
thoroughly with two percent iodine dips (Gamage, 2003); however, this is not a practical 
solution for producers because of the high labor costs associated with more frequent handling 
and antiseptic application.  
Chlorhexidine is a good alternative antiseptic for producers due to the broad spectrum 
of activity that is highly effective against both gram-positive and gram-negative bacteria; in 
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addition, it has a relatively long duration of activity, low toxicity and typically does not 
irritate skin to the same extent as iodine (Imdad et al., 2013). The incidence rate of both 
umbilical and periumbilical infections are reduced following treatment with 4% 
chlorhexidine immediately after birth (Mullany et al., 2003). Neonatal mortality rate and 
infections were reduced when using chlorhexidine cord cleansing compared to dry cord care 
in human infants (Sinha et al., 2015). Unfortunately, the high cost of chlorhexidine relative to 
other antiseptics has limited the widespread use in animal production settings. To decrease 
costs, some animal producers will mix alcohol with chlorhexidine. However, alcohol does 
not enhance dessication of the umbilicus tissue and, in fact, delays cord separation due to 
tissue damage. In addition, alcohol is not as effective as other antimicrobials (WHO Report, 
1999).  
Other options that are potentially available for use as umbilical antiseptics include 
trisodium citrate, nisin, and chlorine. Trisodium citrate is a non-iodine dip that was originally 
designed for pre-surgical skin preparation and subsequently re-designed for use as a 
commercial teat dip. This compound provides a wide spectrum of germicidal activity (Zurex, 
2012) and may have value as an umbilical antiseptic. This compound works to remove Ca2+ 
from the surrounding environment of harmful microorganisms, inhibiting the regulation of 
genes responsible for proliferation (Weijmer et al., 2002). Nisin is a the most studied natural 
antimicrobial peptide (Mattick and Hirsch, 1947). It is a nontoxic polypeptide with 
antimicrobial properties. Nisin possesses antibacterial activity exerted at the cytoplasmic 
membrane and is effective a targeting a broad range of gram-positive bacteria and a small 
number of gram-negative bacteria. (Lubelski et al., 2008). Nisin kills susceptible bacteria by 
creating transient pores in cell membranes that destabilize the phospholipid bilayer. 
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According to the FDA Code of Federal Regulation, nisin is a GRAS (Generally Recognized 
As Safe) substance (FDA, 2000). Nisin is effective against Streptococcus suis, which is 
considered to be a major worldwide swine pathogen associated with a variety of infectious 
diseases (LeBala et al., 2013). It is currently used in the dairy industry to clean and sanitize 
teat ends during the milking process (Wipe Out®, Immucell Corp., Portland, ME). This 
commercial product dramatically reduces concentrations of several common mastitis 
pathogens (Broadbent et al., 1989). Chlorine is another antiseptic alternative to iodine that 
has been used as a teat dip due to its excellent germicidal properties; however, it can also 
irritate sensitive tissues and is relatively unstable in solution. However, new technologies 
have led to the development of a novel formulation of 1000 ppm chlorine that does not 
damage tissues and retains germicidal properties for extended periods of time. However, it 
has never been tested for efficacy as an umbilical antiseptic. 
 
Pre-weaning mortality 
Piglets 
Approximately 13 -15% of live-born piglets die prior to weaning (NAHMS, 2006; 
Agrovision, 2008; Ingris Animalia Norsvin, 2011; Rootwelt et al., 2013). This pre-weaning 
period is a high risk time as the piglet responds to the stresses associated with the birth 
process and adapts to an often harsh extrauterine environment (Van der Lende et al., 2001). 
Pre-weaning losses in piglets are most commonly related to the incidence rate of dystocia, 
farrowing duration, piglet birth weight, litter size, environmental temperature of the 
farrowing stall, birth order, attainment of passive immunity, and maternal nutritional status, 
among others (Lay et al., 2002). Malnourished piglets are more vulnerable to crushing, in 
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part due more frequent suckling attempts which result in more time near the sow (Fraser, 
1990).   
Piglets weighing over 2 kg have only a 3% pre-weaning mortality rate as compared to 
piglets with birth weights under 0.8 kg that have a 68% pre-weaning mortality rate (Gardner 
et al., 1989). Chances of developing hypothermia is increased in low birth weight piglets due 
to reduced energy stores. These smaller piglets also have a more difficult time competing 
with larger littermates for suckling time, increasing their risk of malnutirion and subsequent 
crushing (Lay et al., 2002).  
To evaluate piglet vigor at birth, Rootwelt and others (2013) developed a rapid visual 
assessment that could be performed immediately after birth.  The assessment evaluates three 
variables in the newborn piglet that increase their risk of early death; respiration, meconium 
staining, and activity (RMA).  The variables are scored on a scale from 0 to 2 for each of the 
three variables and the scores are added to provide a single score assessing viability at birth 
(Rootwelt et al., 2013). The RMA score ranges from 0 to 6; a 0 indicates a complete lack of 
respiration and activity as well as heavy meconium staining, while a score of 6 indicates 
normal respiration and activity with no meconium staining). This simple scoring system is 
similar to the APGAR score utilized for human infants at birth. In addition, Rootwelt and 
others (2013) also reported low RMA scores and low hemoglobin concentrations for piglets 
born with umbilical cords that were ruptured at the body wall, with a resulting strong 
association between these abnormally ruptured umbilical cords and decreased survival at 
weaning.  
The RMA is a practical scoring system used to assess both risk and the need for 
immediate intervention to improve the odds for survival.  This care could include 
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supplemental heat, oxygen, protection from mechanical injury and(or) colostrum to decrease 
the risk for mortality. Somewhat surprisingly, RMA scores were not highly correlated with 
birth weight, although this is in agreement with several other studies that also report minimal 
association between low birth weight and low vitality (Sonntag et al., 1996; Leenhouwers et 
al., 2001, 2002; Rootwelt et al., 2012). This may be because the RMA system only scores 
newly-born piglets and birth weight is not included as a variable in the score.  
The primary factor for increased risk of piglet mortality during the first few days of 
life is lack of physiological maturity at birth. Appropriate and timely supervision of 
farrowing and the immediate postnatal period, provision of supplemental heat sources to 
ensure an appropriate thermal environment, and early colostrum intake are management 
practices that are most likely to have the greatest impact in reducing the risk of piglet death 
(Tuchschere et al., 2000).  
Despite the fact that more male piglets than females are born, female piglets have a 
slight survival advantage (Bereskin et al., 1973; Svendsen et al., 1986; Becker, 1995). This 
affect is greater in large litters; a higher number of males in this situation are stillborn, less 
vigorous, and at greater risk for crushing or malnutrition (Svendsen et al., 1986). Direct and 
maternal effects for pre-weaning survival have low estimates for heritability, suggesting that 
genetic selection for increased survival to weaning may be relatively ineffective (Lamberson 
and Johnson, 1984, Strang and Smith, 1979, and Bergheim, 1975), and that reduction of 
piglet losses during the pre-weaning period should be focused on selection strategies that 
impact litter size and variation in birth weight within litter (Weber et al., 2009). 
Pre-weaning mortality costs the U.S. swine industry between $130 and $330 million 
annually (Lay et al., 2002). In addition, stillbirth rates in swine have a world-wide average of 
	 35	
about 16 % (Svendsen, 1992; Cronm et al., 1996). These two factors (pre-weaning mortality 
and stillbirth rates) combined would suggest an even higher cost of piglet losses to the swine 
industry than simply relying on costs relating to pre-weaning loss.  
Large variations in birth weight within a litter result in increased piglet deaths during 
the perinatal period (Milligan et al., 2001). In addition, neonatal piglets with birth weights 
below the average birth weight of their littermates in larger litters have an increased pre-
weaning mortality rate and are smaller at weaning if they do survive (Milligan et al., 2002). 
In contrast with many other studies, however, Pettigrew and others (1986) reported that 
differences in both piglet growth performance and piglet mortality rates were not affected by 
parity of the sow, piglet gender, birth weight, litter size or the mean and standard deviation of 
piglet birth weights within the litters, suggesting that environmental and nutritional factors 
can overwhelm other factors in the pre-weaning period. 
In gilts, the association between the increase of birth interval (time between each 
piglet born in a litter) and higher piglet birth weights was primarily due the ratio of piglet 
birth weight to corresponding placental thickness. The researchers theorized that longer birth 
intervals were observed with heavier piglets because increased placental thickness led 
directly to slower rupture of placental membranes and increased risk of asphyxiation in the 
birth canal (Van Rens and van der Lende, 2004). Lighter piglets with thinner placentae have 
fetal membranes that are more easily ruptured, shortening the birth interval and decreasing 
the risk of asphyxiation. In addition to these factors, total duration of farrowing time depends 
on a combination of litter size and gestation length.  Extended gestation periods lead to 
relatively shorter total duration of farrowing. Finally, the time prior to placental expulsion is 
positively correlated to total duration of farrowing (Van Rens and van der Lende, 2004).  
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 Continuous selection strategies focused on increasing litter size has led to a greater 
proportion of low birth weight piglets. This is because uterine capacity has not increased 
through this same selection process, resulting in increased uterine crowding situations and 
decreases in placental weight associated with each individual fetus (Ji et al., 2017). In these 
larger litters, smaller piglets may be less than one-half the weight of the largest littermates; 
vital organs are also disproportionately smaller (Wang et al., 2008). When compared to 
normal birth weight piglets, daily weight gain and feed efficiency are reduced in these IUGR 
piglets throughout the pre-weaning period (Berard et al., 2010; Berard et al., 2008; Powell et 
al., 1980; Schinckel et al., 2010).  
There are a variety of ways to measure postnatal animal performance, including 
efficiency of growth, survivability, and health status. There are many factors that can impact 
postnatal performance in ungulate species; fetal development, placental function, adverse 
events at birth, environmental conditions at birth, pre-weaning management, and nutrition all 
can have both short and long-term impacts on performance. 
In summary, placental efficiency is an important factor affecting both prenatal 
development and postnatal performance. There have been a variety of measurements 
incorporated in the determination of placental efficiency, however, they have been 
universally impractical in terms of on-farm application. In contrast, umbilical diameter is 
relatively easy to determine on-farm and could potentially serve as a proxy for more direct 
placental measurements (weight, thickness, surface area, and(or) vascularity). Umbilical 
diameter is related to both the placental weight and the birth weight of the piglet (Di Naro et 
al., 2001 and Proctor et al., 2013) further justifying the potential use of umbilical diameter to 
piglet birth weight ratio as a proxy for placental efficiency. Umbilical diameter alone has also 
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been hypothesized to be related to placental efficiency (Proctor et al., 2013), but calculating 
the ratio of umbilical diameter to birth weight may provide a better indirect estimate of 
placental efficiency. The determination of a viable on-farm measurement that estimates 
placental efficiency could potentially have great value to the industry.   
 
Section 3: 
Umbilical Hernias in Swine 
The most commonly prevalent congenital defects that affect swine are umbilical, 
scrotal and inguinal hernias (Ding et al., 2009). The prevalence of umbilical hernias is 
estimated to be between 0.4 and 6.7% in commercial herds (Greiner, 2012). Umbilical 
hernias are caused by an anatomical defect in the abdominal musculature around the 
umbilical cord that allows a small section of the small intestine to protrude from the 
abdominal cavity (Blackwell et al., 2007 and Greiner, 2012).  
Umbilical hernias are theorized to develop due to this weakened musculature 
resulting in an opening in the abdominal musculature or, alternatively, due to failure of 
connective tissue to close around the umbilical ring. Bendavid (2004) suggested a “unified 
theory” that postulated that pathological changes developed in collagen postnatally, 
ultimately resulting in umbilical hernia formation. Bendavid (2004) proposed that the data 
does not support the concept of increased intra-abdominal pressure overwhelming a 
compromised abdominal musculature; rather, the collagen matrix is adversely affected by 
these adverse environmental insults and umbilical hernias actually represent a syndrome of 
collagen disease. 
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While the physiological processes underlying umbilical hernias is somewhat 
understood, the extent of genetic influence is less clear. Zhao and others (2008) have reported 
on a few specific genes that appear to be associated with this condition. However, unlike 
other types of hernias, umbilical hernias are not caused by the simple inheritance of these 
genes. The development of umbilical hernias is dependent on environmental conditions in 
addition to genetic components. Bates and Straw (2008) proposed that environmental insults, 
including umbilical infections in the first weeks of life, may increase the risk of umbilical 
hernia formation later in life if the individual is already genetically predisposed. If true, this 
hypothesis suggests that the umbilical hernia condition could be triggered in those 
individuals with a genetic predisposition to a weaker abdominal musculature housed in a 
poor environment. However, Rutten-Ramos and others (2006) compared the administration 
of long-acting ceftiofur to piglets at birth and navel cord clipping on the incidence of 
umbilical hernias, and neither treatment showed significant effect. Abnormal stretching of 
the umbilical cord during farrowing or infection of the umbilical stump have also been 
proposed as factors that contribute to failure of the abdominal musculature to properly close. 
The challenge for testing this theory is that although there may be a range associated with the 
closure of the abdominal musculature, it is most easily measured in categorical terms; either 
the piglet is affected to the point of developing a hernia, or it is not affected (Bates and 
Straw, 2008). These theories are purely anecdotal in nature and not data-based at this point in 
time.  
Although the heritability estimates for umbilical hernias are far lower than other types 
of hernias, and environmental impacts are large, and pig breed does affect hernia prevalence. 
Searcy-Bernal and others (1994) reported that pigs sired by American Spotted and Duroc 
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boars were more at risk for developing umbilical hernias than pigs sired by Yorkshire boars. 
In addition, they reported that external assessment of umbilical inflammation at weaning and 
umbilical hernia formation was associated. Rutten-Ramos et al. (2006) confirmed that rate of 
development of umbilical hernias were reduced in out-crossed lines and genetic lines were 
significantly different in their risk. 
Regardless of their cause, umbilical hernias are typically categorized as either direct 
or indirect. Indirect hernias include intestinal loops outside the abdomen that are enveloped 
in peritoneum or vaginal tunic. Direct hernias, on the other hand, include intestinal loops that 
have direct contact with skin (Grindflek et al., 2006). This direct contact of the intestinal 
tissue with skin stimulates adhesion formation, which regardless of size, which can interfere 
with normal digestive processes (Bates and Straw, 2008). In the case of direct hernias, there 
is a higher risk of rupturing the intestines during the slaughter process, which leads to carcass 
contamination. These pigs are sometimes sent to specialty harvest facilities that use 
techniques to minimize the risk of intestinal rupture and subsequent carcass condemnation. 
This re-sorting of these pigs through the slaughter market chain reduces the value of the pig 
and impacts the profitability of the industry (Bates and Straw, 2008).  
In Canada, the determination of whether or not the umbilical hernia is too large to be 
acceptable is made at the slaughter plant.  If it is deemed unacceptable, the pig is condemned, 
and the producer receives no compensation (Blackwell et al., 2007). The Canadian Food 
Inspection Agency developed a Compromised Animal Policy that consists of four criteria.  
These criteria are assessed via the following questions: Is the normal gait of the animal 
impeded? Is the hernia painful on palpation? Does the hernia contact the ground when the 
animal stands normally? Does the hernia have an open skin wound, ulceration, or obvious 
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infection? If any one of these criteria is met, the animal is considered compromised and 
cannot be transported except to a veterinary clinic (Blackwell et al., 2007).  
In the United States, market hogs with unacceptably large umbilical hernias are generally 
docked to 50% of value (Greiner, 2012). Taking the conservative estimate of 0.4% hernia 
incidence and a 50% reduction in carcass value at slaughter, umbilical hernias represent a 2 
million dollar per year loss to the U.S. swine industry.  At the highest umbilical hernia 
incidence rate estimate, the loss to the industry would be over 33 million dollars.  Beyond the 
lost market value, umbilical hernias also represent a major welfare issue to the industry (Ding 
et al., 2009), and large hernias increase mortality during the growing period.  
 
Section 4:  
General Conclusion 
In conclusion, there are several factors that significantly impact the profitability of 
producers and ultimately impact the industry.  Pre-weaning mortality losses are of great 
importance to both swine and dairy producers and have been challenging to reduce despite 
great efforts. In addition, the costs associated with umbilical hernias have a major 
consequence on profitability of swine operations (and to a lesser extent dairy), and strategies 
to reduce these losses have been similarly unsuccessful. Finally, while we have made 
significant strides in understanding the factors that affect final market weight of pigs, early 
identification of pigs that will ultimately be more profitable would be an invaluable asset to 
the industry. Therefore, the objectives of our studies were to look for methods to decrease 
umbilical infections in both piglets and calves and to identify factors in piglets at birth that 
predict future performance and profitability.  
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CHAPTER 3. THE EFFECT OF FOUR ANTISEPTIC COMPUNDS ON UMBILICAL 
CORD HEALING AND INFECTION RATES IN THE FIRST 24 HOURS IN DAIRY 
CALVES FROM A COMMERCIAL HERD 
 
A.L. Fordyce, L.L. Timms, K.J. Stalder and H.D. Tyler 
Department of Animal Science, Iowa State University, Ames 50011 
Modified from a manuscript published in the Journal of Dairy Science 
 
Summary 
 
Federal regulations regarding the sale and storage of 7% iodine solutions have 
increased the interest in exploring the effectiveness of alternative umbilical antiseptics.  
There are few studies documenting the effectiveness of alternative umbilical antiseptics for 
dairy calves.  Four antiseptic solutions (7% iodine, 4% chlorhexidine, 10% trisodium citrate, 
and 1000 ppm chlorine-based products) were compared to determine their impact on 
umbilical healing and 24-h infection rates in a field trial with dairy calves.  There were no 
differences between treatments, suggesting all four dips tested were effective in preventing 
umbilical infections and permitting healing of the umbilical cord when used within 30 min of 
birth under clean, dry conditions.   
 
Abstract 
 
The objective of this study was to compare the effect of four antiseptic compounds on 
the healing rate and incidence of infection of umbilical cords in newborn calves (n = 60).  
Late gestation Jersey cows were monitored at a commercial farm (Sioux Jersey; Salix, IA) 
and newborn purebred (n = 30) and crossbred (n = 30) calves were obtained within 30 min 
after birth.  Calves were alternately assigned by birth order to four treatment groups: 7% 
tincture of iodine, 1000 ppm chlorine created using a novel chlorine disinfectant technology, 
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chlorohexidine gluconate 4.0% w/v, and 10% trisodium citrate.  Prior to dipping (within 30 
min of birth), diameter of the umbilical cords (as an indicator of cord drying and healing) 
were determined using digital calipers.  In addition, as an indicator of umbilical infections, 
surface temperature of the umbilical stump (along with a reference point at the midpoint of 
the sternum) was determined using a dual laser infrared thermometer.  These measurements 
were all repeated at 24 ± 1 h of age.  All data were analyzed using mixed model methods.  All 
models included fixed effects of breed (Jersey or Jersey cross), sex (bull or heifer) and 
treatment.  Fixed effect interactions were not included in the statistical model due to the 
relatively small sample size.  There were no treatment differences (P > 0.05) for healing rate 
of umbilical cords.  Initially, mean umbilical cord diameter was 22.84 ± 3.89 mm and cords 
healed to a mean diameter of 7.64 ± 4.12 mm at 24 h of age.  No umbilical infections were 
noted for calves on any treatment during the course of this study.  Mean surface temperature 
of the umbilical stump was 33.1 ± 2.2° C at birth (1.5 ± 1.6° C higher than the sternal 
reference temperature) and at 24 ± 1 h of age the mean temperature of the umbilical stump 
was 33.0 ± 4.3° C (0.5 ± 1.8° C lower than the sternal reference temperature). These data 
suggest that these antiseptic compounds are equally effective for preventing infections and 
permitting healing of the umbilical cord when used within 30 min of birth.   
 
Key words: Calves, umbilical cord, antiseptic compound 
 
Introduction 
 
The umbilical cord serves as a conduit for the blood supply between the fetus and the 
placenta throughout pregnancy.  The cord ruptures during the birth process in calves, leaving 
	 63	
an umbilical stump that becomes a potential route for pathogen entry into the newly born calf 
increasing the risk of septicemia. Studies indicate that 15-20% of dairy calves in the US 
develop umbilical infections (Virtala et al., 1996), and 1.6% of calf deaths are related to 
umbilical infections (USDA, 2010).   Umbilical infection also reduces total body weight 
(BW) gain during the first three months of life (Virtala et al., 1996). Careful and consistent 
umbilical cord care substantially decreases calf mortality.  Typically, antiseptic compounds 
are used to help clean, sanitize and speed healing of the umbilical stump.  The two most 
common choices of antiseptic compounds are 7% iodine or 4% chlorhexidine.   
Tincture of iodine is most commonly recommended as an antiseptic for disinfecting 
umbilical cords after birth. The 7% iodine is mixed in an alcohol base; the iodine 
concentration is strong enough to kill most pathogens with a short contact time, while the 
alcohol is thought to assist in increasing the rate of drying out of the umbilical stump. Iodine 
is bactericidal, sporicidal, cysticidal and virucidal (WHO Report, 1999).  The antiseptic 
properties begin to decrease approximately 15 min after dipping but remains evident for 
several hours.  However, alcohol does not promote drying, is less effective against bacteria 
than other antimicrobials and delays cord separation. Therefore, it is not considered 
acceptable either for cleaning or for routine application to the umbilical stump (WHO Report, 
1999).  Federal regulations regarding the sale and storage of 7% iodine solutions have 
increased the interest in exploring the effectiveness of alternative antiseptics.  
Chlorhexidine is an excellent choice of antiseptic because it has a broad spectrum of activity 
against both gram-positive and gram-negative bacteria; in addition, it has a relatively long 
duration of activity, low toxicity and typically does not irritate skin to the same extent as 
iodine (Imdad et al., 2013).  A number of nonrandomized trials have provided consistent 
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evidence that 4.0% chlorhexidine can reduce the risk of both umbilical cord and 
periumbilical infections (Mullany et al., 2003).  The high cost of chlorhexidine relative to 
other antiseptics has limited widespread use in production settings. 
New technologies have been developed for use in teat dips.  Trisodium citrate is a non-iodine 
dip that was originally designed for pre-surgical skin preparation but has been re-designed for 
use as a commercial teat dip.  It provides a wide spectrum of germicidal activity and has no-
drip properties that may help protect the vulnerable opening at the end of the cord.  However, 
it also contains skin emollients that may slow drying time when used to dip umbilical cords.  
Chlorine has been used as a teat dip because it has excellent germicidal properties; however, 
it can also irritate sensitive tissues and is relatively unstable in solution.  However, new 
technologies have led to the development of a novel formulation of 1000 ppm chlorine that 
does not damage tissues and retains germicidal properties for extended periods of time.   
The objective of this project was to compare four antiseptic solutions (7% iodine, 4% 
chlorhexidine, 10% trisodium citrate, and 1000 ppm chlorine-based products) to determine 
their impact on umbilical healing and 24-h infection rates in a field trial with dairy calves. 
 
Materials and Methods 
 
The Iowa State University Animal Care and Use Committee approved this project.  
Purebred Jersey (n=30) and Jersey-cross calves (n=30) were monitored at a commercial farm 
(Sioux Jersey; Salix, IA).  All calves were obtained within 30 min after birth.  Calves were 
born in a group calving pen and moved within the first hour to a group calf holding pen.  
During the first 24 h of life, calves were moved to commercial plastic calf hutches at two 
separate facilities (one facility for purebred Jersey heifer calves, the second facility for all 
other calves). Different bedding substrates were used inside the calf hutches at each facility.  
	 65	
Purebred Jersey heifer calves were bedded with pine shavings and limestone powder while 
crossbred and purebred bull calves were bedded with a combination of pine shavings and 
straw. All calves were fed pooled maternal colostrum within 3 h after birth.  
Calves were alternately assigned by birth order to 4 treatment groups: 7% iodine (Qualis 
Veterinary Products), 1000 ppm chlorine (ECAlogix™ System – Zurex Pharmagra), 4% 
chlorhexidine (Hibiclens, Mölnlycke Health Care US, LL), and 10% trisodium citrate 
(Zuragen, Zurex Pharmagra).  All umbilical cords were dipped within 30 min of birth. Prior 
to initial dipping, diameter of the umbilical cords (as an indicator of cord drying and healing) 
were determined using digital calipers.  As an indicator of umbilical infections, surface 
temperature of the umbilical stump (along with a reference point at the midpoint of the 
sternum) was determined using infrared technology (Dual Laser 50 Model 42570, Extech 
Instruments Corporation, Waltham, MA).  These measurements were all repeated at 24 ± 1 h 
of age.   All data were analyzed using mixed model methods (PROC MIXED, SAS Version 
9.2).  All models included the fixed effects of breed (Jersey or Jersey cross), sex (bull or 
heifer) and treatment.  None of the fixed effects were significant.  Fixed effect interactions 
were not included in the statistical model due to the relatively small sample size.  
Significance was declared at P ≤ 0.05.  
 
Results and Discussion 
Mean diameter of umbilical cords for all calves (n=60) was 22.85 mm at birth and 
decreased to 7.64 mm at 24 h of age.  There were no treatment difference noted (P>0.05) 
between dips on healing rate of umbilical cords. No umbilical infections occurred in any of 
the calves on this trial within the first 24 h of life. The mean surface temperature of the 
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umbilical stump was 33.1 ± 2.2 °C at birth (1.5 ± 1.6 °C higher than the sternal reference 
temperature).  At 24 ± 1 h of age the mean temperature of the umbilical stump was 33.0 ± 4.3 
°C (0.5 ± 1.8 °C lower than the sternal reference temperature) (Table 2.1).    
 
Despite the importance of umbilical cord care, there have been very few randomized 
trials to determine optimal cord care in production animal settings. There are only a small 
number of studies comparing cord antiseptics in farm animals. In one epidemiological study, 
risk of calf mortality was significantly lower following use of chlorhexidine compared to 
iodine or no cord care; iodine tended to increase mortality risk (Waltner-Toew et al., 1986). 
However, the findings of this study indicate that appropriate antimicrobial solutions 
applied to the umbilical cord within 30 min of birth are protective against umbilical cord 
infections and permitted healing in neonatal dairy calves. Our findings confirm and extend 
the findings from previous studies done by Grover and Godden (2011) that demonstrated the 
effectiveness of a navel dip (Navel Guard) in decreasing the incidence of omphalitis in 
newborn dairy calves when compared to not dipping navels. There was no statistical 
difference between any of the dips tested (Navel Guard, 7% tincture of iodine and 0.5 to 2% 
iodine solutions) for decreasing the incidence of omphalitis in newborn dairy calves.  These 
data, in total, suggest that many disinfectants can be effective as antiseptic compounds when 
managed effectively (i.e., dipping within 30 min of birth).  
 
The current study provides a novel way to assess early signs of infection using the 
surface temperature of the umbilicus area compared to the sternal temperature (as determined 
using infrared technology).  An increase in umbilical stump temperature when compared to 
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the sternal temperature combined with a tender umbilical stump may indicate the presence of 
an infection.  Similar approaches using infrared technology have been used to diagnose 
infection in human medical applications (Fierheller and Sibbald, 2010).  In addition, the use 
of digital calipers to measure the diameter of the umbilical cord may be useful to assess 
healing rate of the cord. A decrease in the diameter of the cord indicates that the umbilical 
cord is healing. 
  
Several management and environmental factors may have affected the association 
between disinfectants, infection rate and cord healing. Calves in this study originated from a 
single farm and were born during the same season, which resulted in very dry environmental 
conditions that may have enhanced healing rate. In addition, calves were removed from the 
study at 24 h of age, and there may have been differences in infection rate after that time 
point.  Future work in this area is needed to determine the efficacy of antiseptics under wet, 
cold and(or) contaminated conditions.  
 
Currently, iodine is the most commonly utilized antiseptic compound in the dairy 
industry; however, there are safety concerns with the 7% concentration.   If caution is not 
used during application, iodine can burn tissues on both calves and workers.  Chlorhexidine, 
chlorine and trisodium citrate are all effective alternatives to iodine without the risk of 
damage to sensitive tissues.  In summary, all four dips tested were effective in preventing 
umbilical infections and permitting healing of the umbilical cord when used within 30 min of 
birth under clean, dry conditions.  
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Table 3.1.  Calf umbilical cord diameter, stump and sternal temperature by treatment group. 
	
Item 7% Iodine 4% Chlor-
hexidine 
10% Trisodium 
citrate 
1000 ppm 
Chlorine 
Umbilical diameter at 
birth (mm) 
23.8 ± 1.0 21.3 ± 1.0 22.9 ± 1.0 23.7 ± 1.0 
Umbilical diameter at  
24 h (mm) 
6.7 ± 0.9 10.1 ± 1.1 6.8 ± 0.9 9.0 ± 0.9 
Stump temperature at 
birth (°C) 
32.6 ± 0.7 33.3 ± 0.5 32.8± 0.6  33.5 ± 0.6 
Sternal temperature at 
birth (°C) 
31.6 ± 0.6 31.9 ± 0.5 30.6 ± 0.6 32.3± 0.5  
Stump temperature at  
24 h (°C) 
31.6 ± 1.1 32.5 ± 1.2 34.9 ± 1.0 33.0 ± 1.0 
Sternal temperature at  
24 h (°C) 
31.7 ± 1.3 33.3 ± 1.3 35.3 ± 1.1 33.9 ± 1.0 
 
Umbilical cord diameter decreased during the first 24 h of life as healing progressed for all 
calves (n=60), and rate of healing was not affected by individual treatments (n=15/treatment) 
(P>0.05). Sternal temperature was used as a reference point for normal body temperature.  
Umbilical stump temperatures were higher at birth in all calves (n=60) due to increased blood 
flow to that area, but decreased as healing progressed through the first 24 h of life.  
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Summary 
Seventy-three newborn Holstein heifer calves were used to determine if using a dry 
antiseptic powder that incorporated a novel antiseptic peptide would be efficacious to prevent 
umbilical infections and promote umbilical tissue healing. Four antiseptic solutions (7% 
iodine, a dry dip created using an antibacterial peptide (nisin) mixed with talc powder (3.105 
g nisin per 100 g talc on a weight per weight basis), liquid nisin (64 ug/ml), and 
chlorhexidine mixed with alcohol in a 50:50 solution) were compared to determine their 
impact on umbilical healing and incidence of infection. There were no differences between 
treatments on healing rate of the cord or number of days for the umbilical cord to detach 
from the body. However, there was a treatment difference on the incidence of umbilical 
infection. Calves whose navels were dipped with iodine and liquid nisin treatments were 
more likely to develop umbilical infections compared to other treatments.  
 
Abstract 
 The goal of dipping the umbilical cord after birth in calves is to promote healing of 
the umbilical stump, prevent infection and encourage the umbilical tissue to detach from the 
body. Treatment applied to the umbilical area is an important management step for 
preventing morbidity and mortality in calves. The objective of this study was to compare the 
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effect of 4 umbilical dips on the healing rate, incidence of infection, and age at umbilical 
cord detachment using newborn Holstein heifer calves (n = 73).  Calves were alternately 
assigned by birth order to 4 treatment groups: 7% iodine (I), a dry dip formulated using an 
antibacterial peptide (nisin) mixed with talc (3.105 g nisin per 100 g talcum powder on a 
weight per weight basis) (DN), liquid nisin (64 ug/ml) (LN), and 4% chlorhexidine mixed 
with alcohol in a 50:50 solution (CH).  Umbilical cords were dipped 30 min after birth. Prior 
to initial dipping, umbilical cord diameter (as an indicator of the rate of cord drying and 
healing rate) was determined using digital calipers. The caliper measurements were repeated 
at 24 ± 1 h, 48 ± 1 h, and 72 ± 1 h of age and were continued daily until the umbilical cord 
healed and detached from the animal’s body. Diagnosed umbilical infections were 
documented by veterinary staff based on a combination of clinical symptoms (redness, 
swelling, purulent discharge, painful palpation, lack of appetite and fever). All data were 
analyzed using MIXED models procedures with fixed effects of umbilical treatment and calf 
number. No treatment differences were noted between dips on the umbilical cord drying rate 
or days for umbilical cord to detach.  Mean umbilical cord diameter was 17.8 ± 5.73 mm at 
birth and healed to 8.1 ± 1.2 mm (I), 6.5 ± 1.1 mm (DN), 9.7 ± 1.2 mm (LN) and 8.2 ± 1.1 
mm (CH) at 24 h of age.  There were treatment effects on incidence of umbilical infection 
(incidence of infection for all calves across all treatments was 9.0%).  Calves treated with 7% 
iodine or liquid nisin were more likely to be diagnosed with an umbilical infection. These 
data suggest that umbilical cord dips applied after birth may impact the incidence of 
umbilical infection under the conditions present during this trial.  
 
Key words: Antiseptic compound, calves, umbilical cord, umbilical infection 
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Introduction 
The umbilical cord is an important placentally-derived structure that maintains the 
blood supply between the fetus and the placenta throughout pregnancy.  The umbilical cord 
ruptures by way of a tearing process, severing the umbilical artery and vein during the last 
stage of the birth process, leaving an umbilical stump and umbilical cord remnant on the 
calf’s abdomen. This cord remnant and umbilicus stump, if not disinfected, may become a 
site for pathogen entry that increases the calf’s risk to septicemia. Umbilical infections are 
not only a health risk for the animal, but also reduce total body weight (BW) gain during the 
first three months of the calf’s life (Virtala et al., 1996a).  Studies indicate that between 5 and 
20% of dairy calves in the U.S. develop umbilical infections (Virtala et al., 1996b and Mee, 
2008) and 1.6% of reported calf deaths are related to umbilical infections (USDA, 2010).  
Typically, antiseptic compounds are used to help clean, sanitize and improve the rate of 
umbilical stump healing while reducing the risk for infection.  The two most common 
antiseptic compounds used in the dairy industry are 7% iodine or 4% chlorhexidine (Mee, 
2008).  Careful and routine umbilical cord care with an antiseptic and keeping the calf in a 
clean, dry, well-ventilated area can substantially decrease calf mortality and morbidity (Mee, 
2008).   
Tincture of iodine is currently the most common recommended antiseptic for 
disinfecting umbilical cords in calves after birth (Mee, 2008). Iodine is produced and 
commercially available in many concentrations. Seven percent iodine concentration is strong 
enough to kill most pathogens with a short contact time, while alcohol was believed to assist 
in increased umbilical stump desiccation rate (Imdad et al., 2013). Iodine is bactericidal, 
sporicidal, cysticidal and virucidal (WHO Report, 1999). However, the sale, shipping and 
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storage of 7% iodine solutions has become more challenging in recent years due to increased 
federal regulations (Department of Justice, 2007), which has created the need to explore 
antiseptic alternatives.  
Chlorhexidine is a good alternative antiseptic for producers due to the broad spectrum 
of activity against both gram-positive and gram-negative bacteria; in addition, it has a 
relatively long duration of activity, low toxicity and typically does not irritate skin to the 
same extent as iodine (Imdad et al., 2013).  Previous literature provides consistent evidence 
that 4.0% chlorhexidine can reduce both umbilical cord and periumbilical infection risk 
(Mullany et al., 2003).  To decrease costs, some producers will mix alcohol with 
chlorhexidine. However, alcohol does not promote drying, is less effective against bacteria 
than other antimicrobials and delays cord separation due to tissue damage (WHO Report, 
1999).  
Nisin is a natural antimicrobial peptide that was isolated from Lactococcus lactis in 
1947 and is the oldest known lantibiotic (Mattick and Hirsch, 1947). It is a nontoxic 
polypeptide with antimicrobial properties (Zongchun et al., 2014).  Potentially, nisin is a safe 
alternative to more traditional chemical germicides, such as iodines and chlorhexidines and is 
now being explored for other medical usages. Nisin possesses antibacterial activity against a 
broad range of gram-positive bacteria and a small number of gram-negative bacteria 
(Zongchun et al., 2014).  Currently, nisin is widely used as an antimicrobial peptide in food 
preservation (Zongchun et al., 2014), as well as the primary ingredient in a cow teat wipe 
used to clean and sanitize the teat area before and after milking (Immucell Corp., Portland, 
ME).  This commercial teat wipe product utilizes nisin to dramatically reduce levels of 
common mastitis pathogens, including Staph. aureus, Strep, agalactiae, E. coli , Step, uberis  
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and Klebsiella pneumoniae (Broadbent et al., 1989).  The scientific literature on the most 
common bacteria causing umbilical infections in animals in very limited, however, group B 
Streptococcus, Staphylococcus aureus, and Escherichia coli are the primary pathogens that 
cause umbilical infections in infants (Mullany et al., 2003). These data suggest that gram-
positive bacteria normally present in feces can significantly contribute to the risk of umbilical 
infections.  Nisin can incorporated in both dry umbilical antiseptic formulations (created by 
mixing the compound with talcum powder to potentially increase the umbilicus tissue drying 
and healing rate) as well as in a liquid form, similar to other traditional antiseptics. 
The purpose of this study was to address the need in the industry to provide producers with 
an alternative to iodine and chlorhexidine. To accomplish this objective, the effect of 4 
umbilical dips on the healing rate, incidence of infection, and age at umbilical cord 
detachment using newborn Holstein heifer calves (n = 73) were compared. The number of 
calves enrolled in this study was limited to the number of heifer calves born within the 
defined study time frame (6 months).   
 
Materials and Methods 
The Iowa State University Animal Care and Use Committee approved this project 
(IACUC log # 10-14-7881-B). Only Holstein heifer calves (n = 73) were enrolled in this trial 
and monitored at the Iowa State University Dairy Teaching and Research Facility (Iowa State 
University Ames, IA) during the months of June through November.  All heifer calves were 
moved within the first hour after birth from the maternity pen to an individual 4’ x 6’ calf pen 
that was bedded with straw within a 96 stall, 4-row indoor calf facility. Calves were 
alternately assigned by birth order to 4 treatment groups: I, DN, LN, or CH. Due to the 
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farm’s accepted standards for minimum care, no negative control was utilized in this trial. 
Prior to initial umbilical cord dipping, umbilical cord diameter (an indicator of cord 
desiccation rate and healing) was measured by trained research personnel using digital 
calipers (Mitutoyo - 500-197-30 - Absolute Digital Caliper, Aurora, Illinois). This 
measurement was taken by measuring the width of the umbilical tissue approximately 2.5 cm 
below the umbilicus stump. Umbilical cords were dipped using approximately 30 ml of 
antiseptic solution in a small disposable cup. The umbilical tissue (amnion and umbilical 
vessels) and umbilical stump (skin, subcutis and umbilical vessels comprising the portion of 
the navel cord on the exterior of the abdominal wall) were dipped for approximately 5 s to 
ensure the umbilical cord opening, tissue and stump were all thoroughly covered with the 
antiseptic solution. The calf was weighed (prior to feeding colostrum), identification tags 
were placed in both right and left ears and pasteurized colostrum was fed within 1 h of birth 
before being moved to the individual calf stalls. Digital calipers were used to measure the 
umbilical diameter repeatedly at approximately 24 ± 1 h, 48 ± 1 h, and 72 ± 1 h after birth. 
Umbilical cord diameter measures occurred daily until the umbilical cord healed to the point 
of detachment by trained members of the research team who were blind to the treatments. 
University staff veterinarians checked on calves every other day during the trial duration and 
diagnosed the presence of umbilical infection based on umbilicus stump condition and calf 
health: redness, swelling, painful palpation, purulent discharge, lack of appetite and fever. 
Calf age when umbilicus tissue detached was also recorded. Observations for each calf ended 
at the time of umbilical cord detachment.  
Calves exited the study if they were too weak to stand unassisted.  Based on this criterion, 4 
heifer calves were excluded due to severe scours unrelated to umbilical cord status. 
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Additionally, 2 heifer calves died due to unrelated conditions (the first was born with atresia 
coli and the second developed septicemia resulting from traumatic injury) during the study 
period and data from these calves were excluded from the final analysis. Therefore, sixty-
seven heifer calves were included in the final statistical analysis. All data were analyzed 
using MIXED model procedures (PROC MIXED, SAS Version 9.2). All models included the 
fixed effects of umbilical treatment and calf number. Umbilical diameter at birth was 
included as a linear covariate in the model and used to test quadratic and cubic significance. 
The repeated statement included calf number. The t-test was performed using the pdiff 
statement in the model to determine a treatment difference. Degrees of freedom for t-tests 
were determined using the approximation of Kenward and Roger. Fixed effect interactions 
were not included in the statistical model due to the relatively small sample size.  
Significance was declared at P ≤ 0.05.   
 
Results and Discussion  
 There were no treatment differences noted between umbilical dips on umbilical cord 
healing rate as determined by 24 h umbilical diameter change (P = 0.24). Mean umbilical 
cord diameter was 17.8 ± 5.7 mm at birth and cords healed to a mean diameter of 8.1 ± 5.0 
mm at 24 h after birth (Table 3.1).  Interestingly, umbilicus tissue diameter decreased from 
17.8 mm to 6.5 mm at 24 h after birth when using the dry nisin dip, but the liquid nisin 
formulation (which was the same chemical formulation as the dry dip) dried the umbilicus 
tissue from 17.8 mm to 9.7 mm at 24 h after birth, although these differences were not 
statistically significant. Umbilical cord diameter at birth significantly influenced the 
umbilical diameter at 24 h, 48 h and 72 h after birth (P = 0.0003). However, there was no 
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treatment difference noted for the change in umbilical diameter at the 48 h or 72 h time point 
(P = 0.25 and P = 0.17, respectively).  
Mean age when the umbilical tissue detached was 16.3 ± 7.0 d.  Umbilical cord 
diameter at birth did not statistically effect the calf age when the umbilical cord detachment 
occurred (P = 0.28). Although the effect of treatment on the age of the calf when umbilical 
cord detachment occurred was not statistically significant (P = 0.058), calves dipped with 
chlorhexidine mixed with alcohol (50:50) detached at an average of 20 d compared to 15.5 d 
for the other 3 treatments (P = 0.06) (Table 3.1).  
The overall incidence of umbilical infection across treatments was 9.0% (6/67 calves 
diagnosed). Incidence of umbilical infections were higher for calves receiving I (13.6%) and 
LN (17.6%) treatments than for DN (0.0%) and CH (5.9%) treatments (P < 0.05) (Table 3.1).  
Data from this study is consistent with previous findings that evaluated antiseptics 
and compared umbilical treatment alternatives to 7% iodine when dipping umbilical cords of 
newborn calves (Grover and Godden, 2011, Robinson et al., 2015, Wieland et al., 2016). 
However, the present study did not utilize a true negative control where some calves’ 
umbilical cord were not treated with a dip at birth, in contrast to the study performed by 
Grover and Godden (2011).  
 
A primary objective of this study was to evaluate the efficacy of nisin as an 
alternative to iodine as an antiseptic suitable for umbilical treatment.  Nisin is an 
antimicrobial peptide that is relatively non-toxic with broad gram positive (although limited 
gram negative) antibacterial action, and has been evaluated for multiple usages (Zongchun et 
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al., 2014). Sears and others (1992) reported that a nisin-based formulation used as a post-
milking teat dip to decrease mastitis resulted in a mean log reduction of 3.90 against 
Staphylococcus aureus and 4.22 log reduction against Escherichia coli after a 1 min exposure 
to the germicide. The nisin-based formulation showed little or no potential irritation after 
multiple skin applications, unlike the iodophor and chlorhexidine digluconate teat dips that 
showed significant skin irritation potential; which is an important property to consider for 
umbilical treatments.  Nisin has never been evaluated as an umbilical dip using the wet or dry 
formulation prior to this study. The dry dip formulation utilized in the current study (freeze-
dried liquid nisin mixed with talcum powder) was formulated to theoretically promote 
desiccation of the umbilicus tissue to allow healing at a faster rate, although no such 
statistical differences were documented in this study. This result may be partially attributed 
to a relatively small sample size that may have limited our ability to determine statistical 
significance.  
The reduced effectiveness of the chlorhexidine mixed with alcohol (50:50) on age at 
umbilical detachment may be due to the high concentration of alcohol in this treatment.  
Undiluted chlorhexidine has been reported to be effective as an umbilical dip in past studies.  
Waltner-Toews and others (1986b) reported that the risk of calf mortality was significantly 
reduced when umbilical cords were treated with chlorhexidine, compared with untreated 
calves. However, in their study treatment with iodine tended to increase the risk of mortality. 
In addition, umbilical cord bacterial growth was reduced in foals by treating with 7% iodine 
or chlorhexidine (Lavan et al., 1994).  However, the use of alcohol as an umbilical treatment 
has not been effective.  Golshan and Hossein (2013) reported that in a rural community in 
Iran, treating the umbilical cord of newborn babies with alcohol (70% ethanol) delayed 
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umbilical cord separation. Furthermore, in some infants where alcohol was used to clean the 
umbilical cord for more than 21 d, toxicity symptoms such as hemorrhage, skin necrosis, 
impaired central nervous system and hypoglycemia can occur (Golshan and Hossein, 2013). 
These findings further support the conclusion that alcohol may be detrimental to umbilical 
cord healing and separation.  
 
Incidence of umbilical infection for all calves in this study was 9.0%, which is much 
lower than the 27% incidence of infection reported by Wieland and others (2016). However, 
Robinson and others (2015) reported 0% incidence of infection in calves under well 
ventilated, clean and dry bedding conditions, although calves in that study were only 
monitored for the first 48 h of life. The incidence of infection in this present study was 
different across treatments. The findings from this work when combined with previously 
reported results suggests that antiseptics applied to the umbilical cord after birth may not be 
able to overcome heavy pathogen loads found in contaminated bedding in the calf pen 
and(or) maternity area. Previous research has demonstrated that simple iodine tinctures 
dissolved in alcohol, despite being bactericidal, sporicidal, virucidal and fungicidal, require a 
prolonged contact time. In addition, the ability for iodine to disinfect, like chlorine, is 
neutralized in the presence of organic material. Therefore, frequent applications may be 
needed to thoroughly disinfect the area (Gamage, 2003). Calf pen management, 
microenvironment, contamination level, wetness level, and bedding substrate will therefore 
impact the effectiveness of most umbilical antiseptic treatments. These parameters have not 
been reported in previous studies with calves (Grover and Godden, 2011, Robinson et al., 
2015 and Wieland et al., 2016).   
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In summary, although 7% iodine is the most commonly utilized antiseptic compound 
in the dairy industry at present, it is difficult to economically obtain and store in large 
quantities. Additionally, 7% iodine solutions are more than three times more concentrated 
than the commercially available and non-regulated 2% iodine solutions and are therefore 
more effective in keeping the umbilical area disinfected in contaminated environments. 
Chlorhexidine products that do not contain alcohol are a good alternative, however the 
relatively high cost can be a significant economic issue for dairy producers. The dry form 
nisin with talcum powder (mimics dry cord care in humans) is a good alternative to 7% 
iodine, but is not currently commercially available to the U.S. livestock industry. In 
summary, dips evaluated in this trial performed similarly for most measured parameters; 
however, calves receiving I and LN treatments experienced an increased incidence of 
umbilical infection compared to calves receiving DN and CH treatments under the conditions 
of this trial.  
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Table 4.1. Umbilical cord diameter at birth, 24 h, 48h and 72 h of age, calf age at cord 
detachment, LS means (±SE) and incidence of umbilical infections by umbilical cord 
treatment. 
 
 7% Iodine 
 
Dry Nisin 
 
Liquid Nisin 
 
50:50  
Chlorhexidine:  
Alcohol  
Umbilical 
diameter  
at birth (mm) 
17.9	± 5.0a 18.2 ± 4.9a 17.5 ± 5.4a 17.5	± 7.8a 
Umbilical 
diameter  
24 h after 
birth (mm) 
8.1 ±	5.3a 6.7 ± 3.8a 9.6 ±	6.4a 8.1 ±	5.0a 
Umbilical 
diameter 
48 h after 
birth (mm) 
7.6 ± 3.6a 6.2 ±	1.6a 8.3 ±	5.8a 8.0 ±	4.6a 
Umbilical 
diameter  
72 h after 
birth (mm) 
7.8±	3.5 a 5.5	±	3.5 a 7.2	±	3.5 a 7.6±	3.6 a 
Age at cord 
detachment 
(d) 
14.9 ± 1.8a 15.8 ±1.6a 14.5 ±	1.7a 19.9 ±1.7a 
Incidence of 
umbilical 
infections (%) 
13.3a 0.0b 17.6a 5.9b 
a-bMeans within a row with different superscripts differ (P < 0.05). 
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Summary 
Four hundred twenty-one piglets were assigned to four treatment groups: iodine, 
trisodium citrate, a dry dip created using an antibacterial peptide (nisin) with talc, and no 
treatment. No treatment differences were noted on change in diameter or incidence of 
infection of the umbilical cord during the first 48 hours (P > .05). 
 
Abstract 
 
Umbilical cord antiseptics are often not used in swine production systems. The 
objective of this study was to determine if treating the umbilical cord with antiseptics reduces 
infection and enhances healing within the first 48 h after birth in newborn piglets. A total of 
421 mixed sex commercial piglets from a breed-to-wean sow farm were enrolled. Piglets 
were alternately assigned by birth order within a litter to four treatment groups; (1) iodine 
(2%), (2) trisodium citrate (10%) Zurex umbilical dip, (3) a dry dip created using an 
antibacterial peptide (nisin) mixed with talc, and (4) no treatment.  All treatments were 
applied within 1 h of birth. At birth, stall conditions (wet/dry and clean/dirty) were evaluated 
on a 3-point scale (3=most dirty or most wet and 1=dry or clean).  Prior to treatment, 
diameter of the umbilical cords (as an indicator of cord drying and healing) were determined 
	 85	
using digital calipers. As a potential indicator of umbilical infections, surface temperature of 
the umbilical stump, along with a reference point at the midpoint of the sternum, was 
measured using a dual laser infrared thermometer. These measurements were repeated at 24 ± 1 h of age and at 48 ±	1 h of age.  In addition, umbilical stump redness and swelling 
(indicators of infection) were evaluated visually at 24 and 48 h.  All data were analyzed using 
mixed model methods.  Models included the fixed effects of umbilical diameter at birth, sex 
(female or male), stall conditions and treatment.  No treatment differences were noted 
between dips on change in diameter of the umbilical cord during the first 24 h (6.60 ± 0.057 
mm at birth vs. 3.25 ± 0.072 mm at 24 h). There was no difference in umbilical cord stump 
surface temperature, redness or swelling at 24 h or 48 h. Stall conditions at birth did not 
affect the change in umbilical diameter, surface temperature of the umbilical stump, or visual 
indications of infection.  In conclusion, there was no benefit observed when applying an 
antiseptic treatment on piglet umbilical cords to improve healing or reduce the incidence of 
infections during the first 48 h of life.  
 
Key words: piglet, umbilical cord, antiseptic 
 
Introduction 
 
 
The umbilical cord serves as a channel for the blood supply between the fetus and the 
placenta throughout pregnancy. The umbilical cord ruptures during the birthing process, 
leaving an open-ended, severed umbilical cord. This umbilical cord may become a potential 
route for pathogen entry into the newborn, increasing the risk of septicemia. Nielsen et al. 
(1975) reported that 2.1% of live-born piglets died from septicemia, which may result from 
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umbilical infections, although there are several other common causes of this condition in 
piglets. Subclinical umbilical infections are also speculated to prevent the abdominal wall 
musculature from healing completely, which may lead to an increased risk for umbilical 
hernias during the growing phase (Blackwell et al., 2016). The prevalence rate of umbilical 
hernias in the swine industry is approximately 1% (Spicer, 2006). Preventing infections of the 
umbilical stump at birth through the use of antiseptic compounds is the most common 
approach for producers to attempt to decrease the prevalence of umbilical hernias.1 Tincture 
of iodine is the most commonly used antiseptic for disinfecting umbilical cords after birth to 
prevent infection (Miller and Ingram, 2016). In 2007, the Drug Enforcement Administration 
listed iodine under the Controlled Substances Act. This regulation has made it difficult to 
obtain anything greater than 2% tincture of iodine (DEA, 2016). Trisodium citrate is a 
component of a recently developed, commercially available umbilical dip (NavelShield 
Navel Dip; Zurex Pharmagra LLC, Middleton, WI). It is a non-iodine formulation that 
provides a wide spectrum of germicidal activity (Zurex Pharmagra, 2012). The nisin dry dip 
was developed in efforts to increase drying and healing time of umbilicus tissue. In pigs, 
nisin has effective antimicrobial activity against Streptococcus suis, a major worldwide swine 
pathogen associated with meningitis, arthritis, pneumonia, and septicaemia (LeBela et al., 
2013).  The nisin compound was mixed in a talc base because talc is relatively biologically 
inert and will absorb moisture without caking (FDA, 2014). 
The objective of this project was to compare three antiseptic solutions (2% iodine, 10% 
trisodium citrate, and nisin-based products) to no antiseptic treatment and determine their 
impact on umbilical healing and 24- and 48-hour infection rates in a field trial with piglets. 
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Materials and Methods 
This study was approved by the Iowa State University IACUC committee. A total of 
421 mixed-sex commercial piglets (PIC 1050 sow × Danbred 600 sire) (average birth weight, 
1.15 kg; standard error, 0.33 kg) from a breed-to-wean sow farm were enrolled in this study. 
Piglets were identified using small ear tags labeled with numbers that identified the 
treatment. Sows were housed in farrowing stalls (2.1 m by .91 m) and the piglet area was 0.6 
m by 1.8 m on each side of the farrowing stall with a heat lamp 0.7 m above the floor surface 
and one rubber mat on the floor underneath the lamp. Piglets were randomly assigned within 
a litter to four treatment groups: iodine (2%; n = 116), trisodium citrate (10%; n = 119), a 
novel dry dip created using an antibacterial peptide (nisin) mixed with talc (formulation 
concentration = 3.105 g nisin per 100 g talc on a weight per weight basis; n = 117), and no 
treatment (n = 118). Piglet umbilical cords were dipped within 1 h of birth using a small 
disposable cup filled with the antiseptic. Treatments were applied to the umbilical cord tissue 
and the umbilical stump for 5 seconds to ensure consistency of application between 
treatments and to ensure the vulnerable opening of the cord was thoroughly disinfected. 
At the end of the farrowing period, stall conditions of the farrowing area behind the sow and 
next to the sow on the rubber mat in each individual stall were evaluated on a wet-dry 3-point 
scale (1 = < 10% wet, 2 = 10-70% wet, and 3 = >70% wet) and clean-dirty 3-point scale (1 = 
< 10% dirty, 2 = 10-70% dirty, and 3 = >70% dirty). Prior to initial dipping, diameter of the 
umbilical cords just distal to the abdomen, at the widest width of the cord was determined 
using digital calipers (Mitutoyo - 500-197-30 - Absolute Digital Caliper, Aurora, Illinois) at 
birth and 24 ± 1 hours of age as an indicator of cord drying and healing. As a potential 
indicator of early umbilical infection, surface temperature of the umbilical stump (along with 
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a reference point at the midpoint of the sternum) was measured using a dual laser infrared 
thermometer (Model 42570; Extech Instruments, Nashua, New Hampshire). The infrared 
(IR) temperature measurements were obtained at birth, at 24 ± 1 hours of age, and at 48 ±	1 
hours of age. In addition, redness and swelling of the umbilical stump were evaluated 
visually at both 24 and 48 hours. Redness was recorded as either being present or not present, 
while swelling was evaluated as either not present, minimal, or significant.   
All data were analyzed using the PROC UNIVARIATE procedure of SAS to determine 
normality of distribution. All data were further analyzed using mixed linear regression 
(PROC MIXED; SAS Version 9.3, SAS Institute Inc, Cary, North Carolina). All models 
included the fixed effects of umbilical diameter at birth, sex (female or male piglets), stall 
conditions, and treatment. Orthagonal contrasts were used to determine differences in the rate 
of healing and incidence of infection between piglets with untreated umbilical cords and 
those that were treated with antiseptics, as well as differences between the different antiseptic 
treatments. All values reported are least squares means. Significance was declared at  
P < 0.05.  
 
Results and Discussion 
Variations in stall conditions at birth in this study had no effect on healing of the 
umbilical stump or umbilical infection in the piglets (P > 0.05). Mean diameter of umbilical 
cords for all piglets was 6.60 mm at birth and decreased to a mean of 3.25 mm at 24 hours of 
age. Additionally, 32.6% of piglets had an umbilical cord that healed to the point of 
separation from the body at 48 hours of age. There were no observed treatment differences  
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(P > 0.05) for umbilical cord drying and healing (Table 5.1). There were no observed 
umbilical infections (as indicated by elevated umbilical stump surface temperatures) in 
piglets within the first 48 hours, although it is possible that infections occurred after this age. 
In addition, no umbilical infections were observed (as indicated through the redness and 
swelling measurements at 24 hours and 48 hours in any of the piglets on this trial within the 
first 48 hours of life. Because no infections were observed during this time period, we were 
unable to validate the usefulness of surface temperature for detecting umbilical infections in 
newborn piglets. Validation of the infrared surface temperature thermometer for detecting 
infections has yielded mixed results in previous studies (Waltner-Toews et al., 1986 and 
Robinson et al., 2015). Umbilical infections often occur after 2 days of age; however, we 
were only able to observe piglets during the first 48 hours. 
Despite the perceived importance of umbilical cord care after birth for potentially 
reducing the incidence of umbilical infections and possible subsequent umbilical hernias, 
there have been very few randomized trials that have evaluated umbilical cord care and 
antiseptic use in production-animal settings. In one epidemiological study using dairy calves, 
risk of calf mortality was significantly lower following use of chlorhexidine compared to 
iodine or no cord care, while iodine tended to increase mortality risk (Mufti et al., 2015). In a 
more recent study, Robinson and others reported no differences between umbilical antiseptic 
treatments (7% iodine, 10% trisodium citrate, 4% chlorhexidine, and 1000 mmol/L chlorine) 
for enhancing healing or reducing the incidence of infection in Jersey calves in a clean, dry 
environment. However, an important consideration when comparing across species is that 
calves have a much larger umbilical cord compared to piglets, which may affect both healing 
time and risk for infection. 
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However, the findings of this study with piglets indicate that appropriate 
antimicrobial solutions applied to the umbilical cord within 1 hour of birth did not affect 
umbilical infection rate in the first 48 hours of life. There were no observed differences 
between any of the treatments tested for decreasing the incidence of omphalitis in newborn 
piglets. In fact, there were no clinical umbilical infections observed in any piglets in this trial, 
whether they were treated with antiseptic or remained undipped. These data, in total, suggest 
that dipping the piglet umbilical cord with an antiseptic within an hour of birth does not 
impact the incidence of umbilical infection or healing within the first 48 hours of life if 
piglets are kept in a clean, dry environment.  
Each antiseptic used in this trial has a different mode of action. Iodine rapidly 
penetrates into microorganisms and attacks key groups of proteins, nucleotides, and fatty 
acids, which culminates in cell death (McDonnell and Russell, 1999). Trisodium citrate 
affects Mg2+ binding and removal of Ca2+ from the surrounding milieu of microorganisms 
that confers antimicrobial properties, as Ca2+ may regulate several genes responsible for 
growth and survival of microbes (Weijmer et al., 2002). Nisin is generally more active on 
gram-positive than on gram-negative bacteria and its bactericidal effect is exerted at the 
cytoplasmic membrane (Lubelski et al., 2008). Nisin kills susceptible bacteria through a 
multi-step process that destabilizes the phospholipid bilayer of the cell and creates transient 
pores. Nisin is a small amphiphilic peptide that is cationic at neutral pH. It is an effective 
inhibitor of gram-positive bacteria, and has been shown to adsorb to surfaces, maintain 
activity, and kill cells that have adhered in vitro (Bower et al., 1995). Nisin is a safe chemical 
to use for food animal treatment according to the FDA Code of Federal Regulation listing 
Nisin as a GRAS (Generally Recognized As Safe) substance (FDA, 2000). In addition, nisin 
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was mixed with talc to absorb water and help increase the drying and necrosis time of the 
umbilicus tissue, thus decreasing the availability of a potential route for pathogen entry.  
The current study also evaluated a potential novel technique for assessing early signs 
of infection using the surface temperature of the umbilicus area compared to the sternal 
temperature (as determined using infrared technology). An increase in umbilical stump 
temperature when compared to the sternal temperature, combined with a tender umbilical 
stump, may indicate the presence of an infection. Similar approaches using infrared 
technology have been used to diagnose infection in human medical applications (Fierheller 
and Sibbald, 2010). Also, Brunell (2012) compared infrared technology to rectal temperature 
in macaque monkeys with little accuracy, concluding that it was more accurate to record 
body temperature via rectal thermometer. The application of this technology has the potential 
to be used in detecting subclinical umbilical infections but was not able to be validated by 
this data. Sternal temperature was used as a reference point for normal body temperature. 
Umbilical stump temperatures were lower at birth in all piglets (n = 421) due to decreased 
blood flow to that area associated with healing. This may have been due to low ambient 
temperature in the pen areas where the newborn piglet was born, diverting blood flow away 
from non-essential areas and reducing umbilical stump temperature. 
In addition, the use of digital calipers to measure the diameter of the umbilical cord 
may be useful to assess healing rate of the cord. A decrease in the diameter of the cord 
indicates that the umbilical cord is desiccating and the stump is healing. 
In conclusion, there was no benefit to using an antiseptic treatment on piglet umbilical cords 
for improving healing or reducing the incidence of infections during the first 48 hours of life 
under the clean, dry stall conditions that were present in this study. Several management and 
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environmental factors specific to this study may have affected the association between 
disinfectants, infection rate, and cord healing. Piglets in this study originated from a single 
farm, were born during the same season, and were housed in temperature-controlled 
facilities. In addition, piglets were removed from the study at 48 hours of age, and there may 
have been differences in infection rate after that time point. Under the conditions of this 
study, the three dips tested are not statistically different than no treatment in preventing 
umbilical infections and permitting healing of the umbilical cord when used within 1 hour of 
birth under variable farrowing conditions in a commercial swine setting.  
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Table 5.1. Umbilical cord diameter at birth and 24 h of age, percent cord detachment at 48 h 
of age, LS means (±	SE) and incidence of umbilical infections by umbilical cord treatment.  
 
 2% Iodine 
 
Dry Nisin 
 
10% 
Trisodium 
Citrate 
 
No Treatment  
Umbilical 
diameter  
at birth (mm) 
6.5	± 1.2 6.7 ± 1.2 6.8 ± 1.3 6.6	 ±  1.1 
Umbilical 
diameter  
24 h after 
birth (mm) 
3.2 ±	1.2 3.1 ± 1.2 3.4 ±	1.2 3.3 ±	1.1 
Percent 
detached at 
48h of age (%) 
6.4 9.3 7.0 9.8 
Incidence of 
umbilical 
infections (%) 
0.0 0.0 0.0 0.0 
There were no observed treatment differences (P > 0.05) for umbilical cord drying and 
healing or incidence of infection in piglets. 
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Summary 
 
Four hundred sixty-six piglets were followed through the production cycle and used 
to determine gender, stall conditions at birth, and umbilical antiseptic treatment effects on 
pre-weaning mortality, umbilical hernia incidence, and pig body weight at 150 d of age in a 
commercial facility. Pre-weaning mortality was significantly affected by umbilical treatment, 
and body weight at 150 d of age was significantly affected by gender in commercial pigs.  
 
Abstract 
The objective of this study was to evaluate whether gender, stall conditions at birth 
and umbilical antiseptic treatment affected pre-weaning mortality, umbilical hernia 
incidence, and pig body weight at marketing in a commercial facility. A total of 466 mixed 
sex commercial piglets (DNA 600 Genetics Duroc boar x PIC 1050 Camborough sow) were 
followed through production (from a breed-to-wean sow farm, to a nursery facility and 
finally to a finishing facility) and were enrolled in this study. Piglets were randomly assigned 
by birth order within a litter to four umbilical treatment groups; 2% iodine, 10% trisodium 
citrate, a dry dip created using an antibacterial peptide (nisin) mixed with talc (formulation 
concentration = 3.1 g nisin per 100 g talcum powder on a weight per weight basis), and no 
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treatment. During the farrowing period, stall conditions (wet/dry and clean/dirty) were 
visually evaluated by researchers on a 3-point scale (3=most dirty or most wet and 1=dry or 
clean).  All data were analyzed using mixed model methods.  Models included the fixed 
effects of gender, stall conditions and umbilical treatment.  Pre-weaning mortality was 
significantly affected by umbilical treatment. Piglets treated with 2% iodine had a higher 
mortality rate than piglets treated with other antiseptics or those that were untreated. Pig 150 
d body weight was affected by gender. On average at 150 d old, male pigs weighed 93.5 kg 
(206.1 lb.) while female pigs weighed 86.5 kg (190.7 lb.). In conclusion, pre-weaning 
mortality was significantly affected by umbilical treatment and pig 150 d body weight was 
significantly affected by gender in commercial pigs.  
 
Key words: antiseptic, farrowing, piglet, pre-weaning mortality, stall conditions, hernia 
 
 
Introduction 
 
In all mammalian species, the umbilical cord is a critical passageway for blood 
between the fetus and the placenta throughout pregnancy (Imdad et al, 2013). It ruptures 
during the last stage of the birth process, leaving an open-ended, severed umbilical cord 
remnant on the abdomen. The ruptured umbilical cord provides a route for pathogen entry 
into the newborn, increasing the risk of infection, mortality and potentially increasing the risk 
of umbilical hernias. Reports on the relationship between omphalitis (umbilical infections) in 
the pre-weaning period and the subsequent umbilical hernia development is limited and 
conflicting (Searcy-Bernal et al., 1994, Blackwell et al., 2007, Greiner, 2012).  
Umbilical hernias are characterized as an anatomical defect in which an opening in 
the abdominal musculature around the umbilicus allows portions of the small intestine to 
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protrude from the abdominal cavity (Blackwell et al., 2007, Greiner, 2012). It has been 
suggested that subclinical umbilical infections compromise abdominal wall integrity, which 
may lead to an increased risk for umbilical hernias during the growing phase (Searcy-Bernal 
et al., 1994, Blackwell et al., 2007). The prevalence of umbilical hernias in commercial swine 
herds is estimated to range between 0.4% and 6.7% (Greiner, 2012). Searcy-Bernal and 
others (1994) reported that among littermates, weight gain prior to weaning was significantly 
lower in pigs that developed hernias (144.7 g/d) by 30 wks of age than for non-affected pigs 
(163.3 g/d) (P = 0.04).   
This condition results in a multi-million dollar loss to the swine industry due to 
decreased body weight gain, low-value pigs at harvest, higher rates of culling and ultimately 
reduced profit potential of the operation (Searcy-Bernal et al., 1994, Ding et al., 2009, 
Greiner, 2012). Taking the conservative estimate of 0.4% hernia incidence and a 50% 
reduction in carcass value at harvest, umbilical hernias can represent a 2 million dollar 
annual loss to the U.S. swine industry. At the highest umbilical hernia incidence rate estimate 
of 6.7%, the loss to the industry would be over 33 million dollars, not including the weight 
gain loss at the finishing stage.  
Management practices employed to decrease pathogen risk via entering the piglet’s 
body through the umbilical cord opening include using umbilical antiseptics to temporarily 
sanitize the area until the umbilical vessels are no longer open.  
Anecdotal reports suggest that using umbilical cord antiseptic at birth may decrease 
the rate of subclinical umbilical infections, therefore decreasing the risk of developing 
subsequent umbilical hernias (Blackwell et al., 2007). However, Greiner (2012) reported that 
umbilical treatment with iodine after birth had no effect on umbilical hernia incidence rate 
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compared to no treatment. This study did not address farrowing stall conditions that could 
increase infection rate in piglets due to increasing exposure to high pathogen loads. In 
addition, Greiner (2012) did not specify the iodine solution strength used; the solution may 
have been too dilute to be effective.  
The genetic control of umbilical hernias is not entirely clear. Research has shown a 
few genes and a “familial” cause shown to associate with this condition (Zhao et al., 2008). 
However, it is unconvincing that this condition is due to the simple inheritance of genes and 
the investigation of a hereditary component is complicated by the nature of the defect (Bates 
and Straw, 2008).  
In addition to the application of umbilical antiseptics, the farrowing stall should be 
kept as clean and dry as possible to help reduce the incidence of umbilical infections. Current 
literature identifying the most prevalent bacteria causing umbilical infections in animals in 
very limited, however, group B Streptococcus, Staphylococcus aureus, and Escherichia coli 
are reported to be the primary pathogens causing umbilical infections in human babies 
(Mullany et al., 2003). These data suggest that gram-positive bacteria normally present in 
feces can significantly contribute to increased umbilical infection risk. In an effort to 
decrease umbilical infections, a multimodal approach, using umbilical antiseptics, while 
maintaining clean farrowing stall environments may show promise, however, this approach 
has yet to be documented.  
Currently, 2% iodine is the most commonly used umbilical cord antiseptic in the 
swine industry (Blackwell et al., 2007). Other alternatives for producers using umbilical dips 
are: 10% trisodium citrate (Zurex Pharmagra, Middleton, WI), an antiseptic used in the dairy 
industry as an alternative to iodine and nisin. Nisin is an antibacterial peptide that is primarily 
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effective against gram-positive and some gram-negative organisms (Zhongchung et al., 
2014).  For this study, freeze dried liquid nisin solution was mixed with talc powder to 
increase the desiccation rate of the umbilical cord. No umbilical cord treatment was the 
current practice at the farm in which this field study was performed and was considered as 
the negative control group. Therefore, the objective of this study was to evaluate whether 
gender, stall conditions at birth, and umbilical antiseptic treatment affected pre-weaning 
mortality, umbilical hernia incidence, and pig body weight at 150 d of age in a commercial 
facility.  
 
Materials and Methods 
 
The Iowa State University Animal Care and Use Committee (IACUC) approved this 
study. Four hundred sixty-six piglets (DNA 600 Genetics Duroc boar x PIC 1050 
Camborough sow) were enrolled in this study at birth. Sows were housed in farrowing stalls 
(2.1 m by .91 m) with rubber coated slat flooring and the piglet area was 0.6 m by 1.8 m on 
each side of the farrowing stall with a heat lamp 0.7 m above the floor surface and one rubber 
mat on the floor underneath the lamp. The room was kept at an ambient temperature between 
68-70 F. A heat lamp over one rubber mat (0.3 m by 0.5 m) on one side of the stall was used 
to provide supplemental heat to the piglets. After birth, each piglet was deemed as either 
viable or nonviable. Nonviable piglets were excluded from this study. The definitions of 
nonviable piglets included individuals deemed very weak, piglets that died shortly after birth, 
or had cyanotic skin. Piglets were able to move freely within the farrowing stall after birth.  
Individual pigs were identified using small button ear tags (Allflex USA Inc., DFW Airport, 
TX). Piglets were weaned at 17-18 d old and were transported to a nursery site where they 
were housed in large groups and fed a standard diet (NRC and lysine levels within normal 
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range) and had access to ad libidum water. At 12-14 wk old pigs were moved to a finishing 
barn and were housed in large groups. Pigs in this phase were fed a standard diet (NRC and 
lysine levels within normal range) and had access to ad libidum water.  
Piglets were alternately assigned randomly by birth order within a litter to one of four 
umbilical treatment groups which included: 1) tincture of iodine (2%; n = 115) (VedCO, 
Saint Joseph, MO), 2) trisodium citrate (10%; n = 118) (Zurex Pharmagra, Middleton, WI), 
3) a dry dip formulated using an antibacterial peptide (nisin) mixed with talc (formulation 
concentration = 3.1 g freeze-dried nisin per 100 g talcum powder on a weight per weight 
basis; n = 116) (ImmuCell Corp., Portland, ME), and 4) no treatment (n = 117).  
At the end of the parturition period (and again at 24 and 48 h after birth), farrowing 
stall conditions immediately behind the sow and on the rubber mat next to the sow in each 
individual stall were visually evaluated by a single researcher on a wet/dry and clean/dirty 3-
point scale (3= 70+% dirty or 70+% wet and 1= 80+% dry or 80+% clean) (Figure 6.1 and 
6.2) Prior to umbilical treatment, umbilical cord diameter was determined by measuring the 
cord width approximately 10-15 mm from the base of the umbilical stump using digital 
calipers (Mitutoyo - 500-197-30 - Absolute Digital Caliper, Aurora, IL). This measurement 
was taken again at 24 ±	1	h and 48 ±	1	h as an objective measurement of umbilical cord 
desiccation and healing. Piglet umbilical cords were dipped within 1 h of birth using a small 
disposable cup filled with the antiseptic. Treatments were applied to the umbilical cord tissue 
and the umbilical stump for 5 seconds to ensure consistency of application between 
treatments and to ensure the vulnerable opening of the cord was thoroughly disinfected. 
Umbilical stump palpation to test for a piglet pain response (vocalization, and/or 
moving away from pain), inflammation of the stump and redness was recorded at each 
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timepoint; birth, 24 ±	1	h and 48 ±	1 h. Additionally, gender and birth weight was recorded 
(prior to colostrum ingestion) by placing the piglet on the scale for approximately 1 min 
(Way Pig ® Portable Litter Scale, Mechanical, Raytec Manufacturing, Ephrata, PA).  
Mortality rate was reported by the site manager. Pre-weaning mortality (birth through 
17-18 d old) as well as nursery mortality combined with finishing mortality (post-weaning 
through 146-152 d old) were calculated. Final umbilical hernia checks and pig body weight 
at 150 d of age was performed at the finishing site by two trained researchers blind to 
treatment. Umbilical hernia sacs were noted by visual observation and palpation by kneeling 
next to the individual pig before the animal entered on to the floor scale (Digi-Star SW600 
(scale head), Digi-Star, LLC, Fort Atkinson WI). This method of umbilical hernia diagnosis 
is recommended by the Merck Veterinary Manual and may be followed with ultrasonography 
if needed, but was not performed in this experiment (Pearson, 2016).  
All data were analyzed using MIXED models and GLM procedures of SAS (SAS 
Institute Inc., 2016). Models included the fixed effects of gender, stall conditions, and 
umbilical dip treatment at birth. Significance was declared at P < 0.05. All models included 
the fixed effects of umbilical treatment, stall condition at birth, gender and piglet number. 
Umbilical diameter at birth was included as a linear covariate in the model and used to test 
quadratic and cubic significance. The repeated statement included piglet number. The t-test 
was performed using the pdiff statement in the model to determine a treatment difference. 
Degrees of freedom for t-tests were determined using the approximation of Kenward and 
Roger. Fixed effect interactions were not included in the statistical model due to the relatively 
small sample size.  Significance was declared at P ≤ 0.05.   
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Results and Discussion 
Of the 466 piglets originally enrolled in the study, 177 pigs completed the study at 
150 d of age and were checked for hernias by observation of the umbilical hernia sac, which 
was larger than a softball size at the finishing site. Twelve pigs had clinical hernias at 146-
152 d old (6.7% incidence rate).  
Pigs exited the study prematurely due to pre-weaning mortality (13.5%), post-
weaning mortality, culling and euthanasia (6.4%), or loss of identification (42.9%). After 
pre-weaning losses, the low sample population within each stall condition score and uneven 
distribution between animals within each score eliminated the possibility of statistical 
analysis to determine the effect of stall conditions on post weaning performance (including 
umbilical hernia incidence rate and weight at 150 d of age). The authors believe the data is 
still valid and acknowledge the excessive button ear tag loss and mortality losses.  
Pre-weaning mortality was affected by umbilical treatment (P = 0.042). Piglets 
treated with 2% iodine had a higher mortality rate when compared with piglets treated with 
other antiseptics or those that were untreated (Figure 6.3). Two-percent tincture of iodine has 
a high alcohol content (70%), which slows healing and drying of umbilicus tissue in infants 
and can lead to an increase in mortality (Imdad et al., 2013). Additionally, 2% tincture of 
iodine has reduced antiseptic properties compared to 7% tincture of iodine due to the 
decreased iodophore content, which may contribute to a higher mortality rate. Simple iodine 
tinctures (dissolved in alcohol) are bactericidal, sporicidal, virucidal and fungicidal, but they 
require prolonged contact time. The ability of iodine to disinfect is neutralized in the 
presence of organic material. Therefore, frequent applications may be needed to disinfect the 
area thoroughly (Gamage, 2003); however this may not be a practical solution for producers 
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because of the high labor costs associated with more frequent handling and antiseptic 
application.  
Nisin is a novel compound that is currently utilized in the dairy industry. The 
compound is used to clean and sanitize the teat area before and after milking in dairy cattle 
(Wipe Out®, Immucell Corp., Portland, ME).  This commercial product utilizes the nisin 
compound to reduce common mastitis pathogens: including Staphylococcus aureus, 
Streptococcus agalactiae, Escherichia coli, Streptococcus uberis and Klebsiella pneumoniae 
(Broadbent et al., 1989). The nisin dry dip formulation utilized in the current study (freeze-
dried liquid nisin mixed with talcum powder) was formulated to promote umbilicus tissue 
desiccation and allow it to heal at a faster rate, although no such statistical differences were 
documented in this study as indicated by change in diameter of the umbilical remnant at 
either 24 or 48 h.   
It is widely accepted that environmental factors play a more significant role in 
umbilical hernia formation. Proper sanitation and hygiene may have a greater chance of 
reducing umbilical hernia incidence than trying to eliminate certain genetic lines (Bates and 
Straw, 2008).  
Umbilical treatment in this study did not affect the umbilicus tissue desiccation time 
(P> 0.05) (Figure 6.4), infection rate at 48 h after birth (0% infection rate for all treatments, 
including no treatment) (P > 0.05), umbilical hernia incidence (P > 0.05) (Figure 6.5) or pig 
body weight at 150 d of age (P > 0.05) (Figure 6.6). Pig body weight at 150 d of age was 
affected by gender (Figure 6.7); male pigs weighed 93.5 kg while female pigs weighed 86.5 
kg (P = 0.0002). In conclusion, although the previous research in this area is extremely 
limited, the results from the present study confirm data reported by Greiner and others (2012) 
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that umbilical antiseptic usage does not impact piglet umbilical infection incidence and the 
development of subsequent umbilical hernias. Additionally, producers maintaining a clean, 
dry farrowing environment and applying antiseptics to disinfect the vulnerable umbilical 
region of neonatal piglets are both important management steps to reducing pre-weaning 
mortality. 
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Figure 6.1: This picture represents a clean/dirty score of 1, wet/dry score of 3 behind the sow 
and on the rubber mat under the heat lamp. This pen was not dirtied with fecal material or 
placenta tissue after the birth event, however the pen was wet with urine, and amniotic fluid. 												
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Figure 6.2: This picture represents a clean/dirty score of 3, wet/dry score of 1 behind the sow 
and on the rubber mat under the heat lamp. This pen contained significant amounts of fecal 
material, however it was very dry.  																		
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Figure 6.3: The effect of umbilical cord treatment at birth on pre-weaning survival rate.  
(P <0.05) 																		
2% Iodine Dry Nisin 10% Trisodium Citrate No Treatment  
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Figure 6.4: Umbilical treatment effect on change in diameter between birth and 24 h of age. 
(P>0.05) 																								
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Figure 6.5: Umbilical treatment at birth effect on number of hernias. (P>0.05) 
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Figure 6.6: Umbilical treatment effect on 150 d weight (kg). (P >0.05) 
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 			Figure	6.7:	The	effect	of	gender	on	pig	weight	at	150	d	of	age.	(P<0.05)			
 
 
 
 
 
 
 
 
 
 
 
 
 
Female Male 
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Summary 
Four hundred sixty-six piglets were followed though the production cycle and were 
used to determine whether birth weight, umbilical diameter, and umbilical diameter to birth 
weight ratio (as a potential indicator of both placental efficiency and relative defect size in 
the abdominal musculature) were useful as predictors of pre-weaning mortality, umbilical 
hernia incidence, and pig body weight at 150 d of age in a commercial facility. Pre-weaning 
mortality was significantly affected by umbilical diameter to birth weight ratio. Piglets with 
the lowest umbilical cord diameter to birth weight ratio (smaller umbilical diameter and 
heavier birth weight) had the greatest survival rate.  The umbilical diameter to birth weight 
ratio also affected umbilical hernia incidence and the final pre-market live weight of pigs. 
Piglets with the greatest umbilical cord diameter to birth weight ratio weighed less at 150 d 
of age.  In conclusion, measuring the umbilical cord to birth weight ratio was a much better 
predictor of pre-weaning mortality, umbilical hernia incidence, and pig body weight at 150 d 
of age than measuring either birth weight or umbilical diameter alone.    
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Abstract 
Umbilical hernias are a multi-million dollar loss to the swine industry due to 
increased culling and mortality rates, decreased weight gain and overall profit loss to the 
producer (Greiner, 2012). The objective of this study was to evaluate whether birth weight, 
umbilical diameter, umbilical diameter to birth weight ratio (as a potential indicator of both 
placental efficiency and relative defect size in the abdominal musculature) were effective as 
predictors of pre-weaning mortality, umbilical hernia incidence, and pig body weight at 150 
d of age in a commercial facility. A total of 466 mixed sex commercial piglets (DNA 600 
Genetics Duroc boar x PIC 1050 Camborough sow) were followed through production (from 
a breed-to-wean sow farm, to a wean to finish facility and finally to a finishing facility) were 
enrolled in this study. Piglets were weighed within 1 h of birth, and the umbilical cord 
diameter was determined using digital calipers.  All data were analyzed using PROC MIXED 
model methods. Pre-weaning mortality was significantly affected by the umbilical diameter 
to birth weight ratio (P < 0.001). Piglets with the lowest umbilical cord diameter to birth 
weight ratio had the greatest survival rate. In addition, the umbilical diameter to birth weight 
ratio (P < 0.05) significantly affected umbilical hernia incidence. Piglets born with a high 
umbilical cord to birth weight ratio had a greater umbilical hernia incidence rate in the 
growing phase. Pig body weight at 150 d of age was affected by umbilical diameter to birth 
weight ratio (P < 0.0001) Piglets with the highest umbilical cord diameter to birth weight 
ratio weighed less at 150 d of age. In conclusion, measuring the umbilical cord to birth 
weight ratio was a better predictor of pre-weaning mortality, umbilical hernia incidence, and 
pig body weight at 150 d of age when compared to measuring birth weight or umbilical 
diameter alone.    
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Key words: piglet, umbilical hernia, pre-weaning mortality, physiological parameters, market 
weight  
 
Introduction 
 
In the swine industry, pre-weaning mortality, umbilical hernia incidence and market 
weight of pigs are included among the primary factors affecting profitability. The ability to 
reliably predict any of these outcomes, therefore, is valuable to swine operations.  Panzardi 
and others (2013) documented that cyanotic skin, delayed time for standing after birth (> 5 
min), broken umbilical cords at birth, high birth order (>9), low birth weight (<1.3 kg), low 
24 h rectal temperature (<38.1◦C), and both low and high umbilical cord blood glucose 
concentrations (45–162 mg/dl) are indicators of reduced viability and increased likelihood 
that individual piglets will die during the first week after farrowing. In addition, growth 
performance until weaning is compromised in piglets with a lower birth weight, a lower 24 h 
rectal temperature and for female piglets (Panzardi et al., 2013). Milligan and others (2002) 
reported that the difference in survival rates between low and higher neonatal weight piglets 
was greatest in litters from old sows and in litters of 12 or more piglets. Neonatal weight 
variation within litter was a significant pre-weaning mortality predictor, independent of 
factors such as mean neonatal weight, litter size, and parity of the sow (Pettigrew et al., 1986 
and Milligan et al., 2002).  
For surviving pigs, the umbilical hernia incidence affects producer profitability (Ding 
et al., 2009 and Greiner, 2012). Umbilical hernia prevalence has been reported as low as 
0.4% and up to 6.7% in commercial herds (Straw et al., 2008, Ding et al., 2009 and Greiner, 
2012). This anatomical defect ultimately results in a $2-33 million dollar loss to the swine 
industry due to low-value pigs at weaning and harvest and higher grow-finish animal culling 
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rates (Ding et al., 2009 and Greiner, 2012). The genetic influence on the incidence rate of 
umbilical hernias is difficult to deduce and is only theorized to be related to a genetic 
predisposition to weak or compromised abdominal musculature or abnormal collagen 
formation in the umbilical region (Ding et al., 2009). However, the main and proven theories 
are still centered around environmental and management related factors.  
The challenge for researchers is delineating easily measured factors early in the 
piglet’s life that reliably predict profitability. Therefore, the objective of this study was to 
evaluate newborn piglet birth weight, umbilical diameter, and umbilical diameter to birth 
weight ratio (as a potential indicator of both placental efficiency and relative size of the 
defect in the abdominal musculature) as predictors of pre-weaning mortality, the umbilical 
hernia incidence rate, and body weight at 150 d of age in a commercial facility. 
 
Materials and Methods 
 
The Iowa State University Animal Care and Use Committee (IACUC) approved this 
study. Four hundred sixty-six piglets (DNA 600 Genetics Duroc boar x PIC 1050 
Camborough sow) were enrolled in this study at farrowing. Sows were housed in farrowing 
stalls (2.1 m by .91 m) with rubber coated slat flooring and the piglet area was 0.6 m by 1.8 
m on each side of the farrowing stall with a heat lamp 0.7 m above the floor surface and one 
rubber mat on the floor underneath the lamp. The room was kept at an ambient temperature 
between 68-70 F. A heat lamp over one rubber mat (0.3 m by 0.5 m) on one side of the stall 
was used to provide supplemental heat to the piglets. After birth, piglets were determined 
initially as either viable or nonviable. The definitions of nonviable piglets included piglets 
deemed very weak, that died shortly after birth, or had cyanotic skin. All nonviable piglets 
were excluded from this study.  
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Viable piglets had a button ear tag (Allflex USA Inc., DFW Airport, TX) placed in 
the ear to individually identify each piglet, prior to umbilical cord dipping, umbilical cord 
diameter was determined by measuring the diameter of the umbilical cord approximately 10-
15 mm below the umbilical stump using digital calipers (Mitutoyo - 500-197-30 - Absolute 
Digital Caliper, Aurora, Illinois), this measurement was taken again at 24 ±	1	h and 48 ±	1 h 
as an objective measurement of umbilical cord desiccation and healing. Piglet umbilical 
cords were dipped within 1 h of birth using a small disposable cup filled with the antiseptic. 
Gender and individual birth weight was recorded prior to nursing by placing the piglet on the 
scale for approximately 1 min (Way Pig ® Portable Litter Scale, Mechanical, Raytec 
Manufacturing, Ephrata, PA).  
Piglets were weaned at 17-18 d old and were transported to a nursery site where they 
were housed in groups and fed an appropriate ration (NRC and lysine levels within normal 
range) and had access to ad libidum water. At 12-14 wk old pigs were moved to a finishing 
site where they were housed in large groups and all pigs were fed an appropriate ration (NRC 
and lysine levels within normal range) and had access to ad libidum water.  Mortality rates 
were reported by the site manager at two time points: 1) pre-weaning mortality (piglets 17-18 
d old) and 2) final mortality (post-weaning through 146-152 d old). Final umbilical hernia 
checks and pig body weight at 150 d of age was performed at the finishing site by two trained 
researchers. Umbilical hernia sacs were noted by visual observation and palpation by 
kneeling next to the individual pig before the animal entered on to the floor scale (Digi-Star 
SW600 (scale head), Digi-Star, LLC, Fort Atkinson WI). This method is an approved 
diagnosis by the Merck Veterinary Manual and may be followed with ultrasonography if 
needed, although no such measure was done in this experiment (Pearson, 2016).  
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Of the 466 piglets originally enrolled in the study, 177 pigs completed the study and 
were checked for hernias by observation of the umbilical hernia sac, which was larger than a 
softball size at the finishing site. Twelve pigs had clinical hernias at 146-152 d old (6.7% 
incidence rate). Pigs exited the study prematurely due to pre-weaning mortality (13.5%), 
post-weaning mortality, culling and euthanasia (6.4%), or loss of identification (42.9%). The 
researchers believe the data were not biased by any loss reasons and were still able to identify 
significant sources of variation contributing to variability in traits. The authors believe the 
data is still valid and we acknowledge the excessive button ear tag loss and mortality losses.  
All data were analyzed using PROC MIXED and GLM procedures (SAS Inst. Inc., 
Cary, NC). Models included the fixed effects of gender and farrowing stall conditions. Each 
model was implemented twice: first with umbilical diameter at birth, birth weight and 
umbilical diameter at birth and birth weight interaction as separate variables. The second 
version of the model was run with the calculated umbilical diameter to birth weight ratio 
variable. For all statistical tests, the null hypothesis was rejected when P < 0.05 and 
probability values between 0.05 and 0.15 were defined as a tendency towards significance. 
 
Results and Discussion 
In this study, piglet birth weight was measured before colostrum intake; therefore, 
birth weight values used in calculating the umbilical cord to birth weight ratio were not 
impacted by the volume of colostrum ingested by each individual piglet. Birth weight for 
viable piglets ranged from 0.5 kg to 2.6 kg with a mean weight of 1.2 kg. Umbilical diameter 
at birth ranged from 3.8 mm to 11.6 mm with a mean diameter of 6.6 mm. The umbilical 
diameter to birth weight ratio ranged from 2.2 mm/kg to 12.0 mm/kg with a mean ratio of 6.1 
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mm/kg. Pre-weaning mortality was significantly affected by umbilical diameter to birth 
weight ratio (P < 0.001). Piglets with the lowest umbilical cord diameter to birth weight ratio 
had the highest survival rate (Figure 7.1). Pre-weaning mortality was not significantly 
affected by birth weight (P = 0.30) (Figure 7.2), umbilical diameter at birth (P = 0.78) 
(Figure 7.3) or the interaction of birth weight and umbilical diameter at birth (P = 0.87).  
The umbilical diameter to birth weight ratio also affected the umbilical hernia 
incidence (P = 0.05) (Figure 7.4). Umbilical hernia incidence in pigs in this study was 6.7%.  
Piglets with a high umbilical cord to birth weight ratio had a greater risk of developing 
umbilical hernias by 150 d of age. Umbilical hernia rate was not significantly affected by 
birth weight (P = 0.73) (Figure 7.5), umbilical cord diameter at birth (P = 0.36) (Figure 7.6) 
or birth weight and umbilical diameter interaction at birth (P = 0.53). Additionally, pig body 
weight at 150 d of age was affected by umbilical diameter to birth weight ratio (P < 0.0001). 
Piglets with the highest ratio of umbilical cord diameter to birth weight weighed less (Figure 
7.7). Pig body weight at 150 d of age was not significantly affected by birth weight (P = 
0.52) (Figure 7.8), umbilical diameter at birth (P = 0.85) (Figure 7.9) and the interaction of 
birth weight and umbilical diameter at birth (P = 0.58). Only ten pigs died during the post-
weaning phase; no variables in this study (umbilical diameter to birth weight ratio, birth 
weight, or diameter of umbilical cord at birth) had a statistically significant effect on 
mortality rate from the time pigs were weaned to the completion of this study.  
The findings from the present study indicate that umbilical diameter to birth weight 
ratio has the potential to be a production tool for predicting future performance variables in 
pigs. However, there are limitations associated with labor costs in order to collect and 
organize this data. Umbilical diameter has been reported to be related to both the placental 
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weight and the birth weight of the piglet (Di Naro et al., 2001 and Proctor et al., 2013) and 
therefore was used to formulate the umbilical diameter to piglet birth weight ratio. Umbilical 
diameter has also been hypothesized to be related to placental efficiency (Proctor et al., 
2013). Calculating the ratio of umbilical diameter to birth weight may provide an indirect 
placental efficiency estimate and serve as a substitute for placental weight to piglet birth 
weight, which has been previously documented in infants (Proctor et al., 2013).  
 
Swine have a diffuse placental type and each fetus has an individual placenta and 
avascularized tips preventing sharing or partitioning of blood, nutrients and hormones. This 
means each piglet and placenta develops independently and placental efficiency can vary 
within each litter. Randall and others (1989) reported that umbilical cord length at term 
ranged from 17 to 50 cm and was positively correlated with piglet body weight. Umbilical 
cord length is observed to be highly variable within litters and littermates, but the cause for 
this variation remains unclear (Randall et al., 1989). Absolute placental blood flow increases 
with fetal size (Dawes, 1968), and this increased blood flow and pressure could provide 
tension within the umbilical vessels during late gestation stimulating the cord to lengthen 
(Randall et al, 1989).  Umbilical cord length, strength and elasticity varies between piglets 
and between litters; however, the factors affecting diameter variation have yet to be 
documented in animals. In infants, umbilical diameter varies due to the amount of Wharton’s 
jelly matrix within the cord and the umbilical artery thickness (Proctor et al., 2013). In the 
current study, umbilical diameter rather than umbilical length was measured at birth, unlike 
any previous study completed using swine reported in the scientific literature.  
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In cloned calves, large umbilical cords are often reported and theorized to develop in 
response to placental impairments and changes in efficiency and blood flow compared to 
uncloned animals (Chavatte-Palmer et al., 2012). Mean umbilical diameter was greater in 
cloned animals at 147-280 d of gestation when compared to the umbilical diameter in control 
animals (Chavatte-Palmer et al., 2012). In these situations, the increased umbilical vessel 
diameter is also associated with abnormally large blood vessels throughout the newborn’s 
body and compromized viability of the animal is observed after birth (Maiorka et al., 2015). 
These researchers have inferred that epigenetic modifications caused by the cloning process 
most likely caused vascular developmental disturbances (starting during early gestation) that 
affected differentiation and function of the placenta, as well as various other vital internal 
organs (Maiorka et al., 2015, Chavatte-Palmer et al., 2012). The cloned calf model can serve 
as the beginnings of a theory in which can explain the differences in umbilical diameter and 
birth weight in piglets. Both species are ungulates and have epithelichorial tissue layers in the 
placenta. Therefore, function of the placenta may be more similar than one assumes. In the 
present study, it is theorized that placental development, vascularity and intrauterine growth 
restriction in sows may explain the differences in umbilical diameter disproportionate to 
piglet body weight thus contributing to variation in the ratio values. Furthermore, the 
umbilical cord diameter to birth weight ratio may serve as a predictor of overall vascular 
function in the animal possibly explaining the difference in pre-weaning mortality, umbilical 
hernia formation and decreased body weight at 150 d of age between higher and lower ratios.  
 
Placental efficiency has been defined as the ratio of birth weight to placental weight. 
Placental efficiency is an important factor involved in fetal development and subsequent 
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postnatal development. Placental efficiency has been documented to affect birth weight in 
piglets; therefore the ratio may provide critical information on body and vascular efficiency 
for weight gain and overall health of the animal. Prior to this study, it has been concluded 
that birth weight was the only accurate predictor of pre-weaning mortality (van Reins et al., 
2015). We theorize that a small diameter umbilical cord with a larger piglet indicates ideal 
placental efficiency and a large umbilical cord on a small piglet indicates poor placental 
effeciency in which the enlarged umbilical blood vessels (reflecting increased volume of 
blood flowing between the placenta and the fetus) must compensate for poor placental 
function. However, further research is needed to prove the mechanisms involved with this 
effect. Our data also illustrated that increases in umbilical diameter to birth weight ratios 
resulted in lower pre-weaning survival rates and decreased weight at finishing, potentially 
reflecting altered vasculature and compromised function of the pig postnatally.   
 
The umbilical cord diameter to birth weight ratio may also serve to predict the 
relative defect size in the abdominal musculature associated with umbilical hernia 
development.  We hypothesize poor placental efficiency may result in the development of 
larger umbilical arteries and veins to compensate for less efficient placental function.  This 
results in a larger umbilicus at birth and subsequently a larger defect in the abdominal 
musculature similar to what has been documented in cloned animals (Maiorka et al., 2015). 
The larger defect in the abdominal musculature may predispose the growing pig to increased 
risk of developing an umbilical hernia. A small pig with a large umbilical cord has a 
potentially large abdominal defect, conversely a larger pig born with a small diameter 
umbilical cord has a smaller potential abdominal defect.  The ratio of the umbilical diameter 
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to the birth weight of the pig may provide a novel, indirect measure related to the abdominal 
defect size.  
The cause of umbilical hernias in swine is under debate between veterinarians, 
researchers and producers. The most common theories involve environmental factors and the 
possible interaction of genetics and environmental factors (Ding et al., 2009). The genetic 
control for umbilical hernia incidence appears to be much less than that seen with inguinal or 
scrotal hernias (Ding et al., 2009). It is notable that a 6.7% umbilical hernia incidence rate 
was recorded for the pigs enrolled in this study. Genetic backgrounds of the pigs enrolled in 
this study included the Duroc breed, which Ding and others (2009) documented to have an 
increase in hernia incidence compared to other breeds. They characterized susceptibility loci 
for occurrence of scrotal/inguinal and umbilical hernias by a genome-wide scan in a White 
Duroc × Erhualian F2 resource population. However, there appears to be a much higher 
interaction between genetics and environmental factors for umbilical hernias than for other 
types of hernias, which this fact can be deduced to environment being the larger factor in 
relation to umbilical hernias specifically. The environmental factors are presumed to be those 
occurring early in life; umbilical infection rate, navel sucking and umbilical stretching are 
factors that are most commonly thought to be associated with an increased umbilical hernia 
incidence rate in pigs (Ding et al., 2009).  Greiner (2012) evaluated the bacterial 
contamination in umbilical blood clots when navel infections and subsequent umbilical 
hernias occur. Based on their data, the author concluded that navel infections may contribute 
to umbilical hernias but are not likely the sole cause. 
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In summary, the current study documents that umbilical diameter to birth weight ratio 
predicts pre-weaning mortality, umbilical hernia incidence and pig body weight at 150 d of 
age. Piglets with the lowest umbilical cord diameter to birth weight ratio had the greatest pre-
weaning survival rate. The umbilical cord diameter to birth weight ratio variable is a 
significant predictor of pre-weaning mortality, umbilical hernia incidence and pig body 
weight at 150 d of age, whereas no individual variable (birth weight, umbilical cord diameter 
at birth or the interaction of birth weight and umbilical diameter at birth alone) affected any 
of these outcomes. Therefore, the umbilical cord diameter to birth weight ratio can serve as a 
better predictor of overall pig performance than any other individual variable measured in 
this study; however, further research is needed to clarify the mechanisms involved in these 
effects.  
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Figure 7.1: The effect of umbilical diameter to birth weight ratio on pre-weaning mortality. 
(P<0.05) 
 	
	
 
Figure 7.2: The effect of birth weight on pre-weaning mortality. (P >0.05) 		
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Figure 7.3: The effect of umbilical diameter at birth on pre-weaning mortality. (P>0.05) 	
 
 
Figure 7.4: The effect of umbilical diameter to birth weight ratio on umbilical hernia rate. 
(P<0.05) 
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Figure 7.5: The effect of birth weight on umbilical hernia incidence at 150 d of age.  
(P> 0.05) 
 	
	
 
Figure 7.6: The effect of umbilical cord diameter at birth on umbilical hernia incidence at 
150 d of age. (P>0.05) 
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Figure 7.7: The effect of umbilical diameter to birth weight ratio on 150 d pig weight. (P <0.05) 
 
Figure 7.8: The effect of birth weight on 150 d weight. (P>0.05) 
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Figure 7.9: The effect of umbilical cord diameter on 150 d weight. (P>0.05) 
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CHAPTER 8. GENERAL CONCLUSION 
 The perinatal period is a multifaceted time of life that involves late gestation, the birth 
process, and the physiological changes in both the neonatal and maternal systems. Research 
in this field may be challenging due to the unpredictable timing of birth and high level of 
individual variation warranted by extreme homeorhetic adjustments that occur. However, it is 
imperative that we continue to explore and understand the mechanisms involved during this 
period of life to improve welfare, reduce mortality, and increase production efficiency. The 
research presented in this dissertation outlines a continued effort to better understand the 
interactions between physiological and morphological parameters at birth and the connection 
to production management in the periparturient period on subsequent performance of the 
animal.   
 In chapter three, we evaluated the effect of four antiseptic compounds on the 
healing rate and incidence of infection of umbilical cords in newborn calves. Calves were 
alternately assigned by birth order to four treatment groups: 7% tincture of iodine, 1000 ppm 
chlorine created using a novel chlorine disinfectant technology, chlorohexidine gluconate 
4.0% w/v, and 10% trisodium citrate. Prior to dipping (within 30 min of birth), diameter of 
the umbilical cords (as an indicator of cord drying and healing) were determined using digital 
calipers.  In addition, as an indicator of umbilical infections, surface temperature of the 
umbilical stump (along with a reference point at the midpoint of the sternum) was determined 
using a dual laser infrared thermometer.  These measurements were all repeated at 24 ± 1 h of 
age.  There were no treatment differences for healing rate of umbilical cords (P > 0.05).  No 
umbilical infections were noted for calves on any treatment during the course of this study.  
Mean surface temperature of the umbilical stump was 33.1 ± 2.2° C at birth (1.5 ± 1.6° C 
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higher than the sternal reference temperature) and at 24 ± 1 h of age the mean temperature of 
the umbilical stump was 33.0 ± 4.3° C (0.5 ± 1.8° C lower than the sternal reference 
temperature). These data suggest that these antiseptic compounds are equally effective for 
preventing infections and permitting healing of the umbilical cord when used within 30 min 
of birth, when calves are housed in a clean, dry environment.    
 In chapter four, Holstein heifer calves were used to determine if using a dry 
antiseptic powder that incorporated a novel antiseptic peptide would be efficacious to prevent 
umbilical infections and promote umbilical tissue healing. Four antiseptic solutions (7% 
iodine, a dry dip created using an antibacterial peptide (nisin) mixed with talc powder (3.105 
g nisin per 100 g talc on a weight per weight basis), liquid nisin (64 ug/ml), and 
chlorhexidine mixed with alcohol in a 50:50 solution were compared to determine their 
impact on umbilical healing and incidence of infection. There were no differences between 
treatments on healing rate of the cord or number of days for the umbilical cord to detach 
from the body. However, there was a treatment difference on the incidence of umbilical 
infection. Calves whose navels were dipped with iodine and liquid nisin treatments were 
more likely to develop umbilical infections compared to other treatments, when calves were 
housed in a wet, contaminated environment. This data suggests that the pathogen load in the 
environment could overcome 7% iodine or liquid nisin and create an infection in the calf.  
 In the fifth chapter, we evaluated treating newborn piglet umbilical cords with 
antiseptics to reduce infection and enhance healing of the umbilical cords and stump within 
the first 48 h after birth. A total of 421 mixed sex commercial piglets were enrolled. Piglets 
were alternately assigned by birth order within a litter to four treatment groups; 2% iodine, 
10% trisodium citrate Zurex umbilical dip, a dry dip created using an antibacterial peptide 
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(nisin) mixed with talc, and no treatment.  All treatments were applied within 1 h of birth. At 
birth, stall conditions (wet/dry and clean/dirty) were evaluated on a visual 3-point scale 
(3=most dirty or most wet and 1=dry or clean).  Prior to treatment, diameter of the umbilical 
cords (as an indicator of cord drying and healing) were determined using digital calipers. As 
a potential indicator of umbilical infections, surface temperature of the umbilical stump, 
along with a reference point at the midpoint of the sternum, was measured using a dual laser 
infrared thermometer. These measurements were repeated at 24 ± 1 h of age and at 48 ±	1 h 
of age.  In addition, umbilical stump redness and swelling (indicators of infection) were 
evaluated visually at 24 and 48 h.  No treatment differences were noted between dips on 
change in diameter of the umbilical cord during the first 24 h (6.60 ± 0.057 mm at birth vs. 
3.25 ± 0.072 mm at 24 h). Additionally, there was no difference in umbilical cord stump 
surface temperature, redness or swelling at 24 h or 48 h. Stall conditions at birth did not 
affect the change in umbilical diameter, surface temperature of the umbilical stump, or visual 
indications of infection.  In conclusion, there was no benefit observed when applying an 
antiseptic treatment on piglet umbilical cords to improve healing or reduce the incidence of 
infections during the first 48 h of life. However, further research is needed to evaluate these 
parameters past 48 h of life in piglets to confirm that no umbilical infections developed later 
in production. 
 In chapter six, we evaluated whether gender, stall conditions at birth and 
umbilical antiseptic treatment affected pre-weaning mortality, umbilical hernia incidence, 
and pig body weight at marketing in a commercial facility. A total of 466 mixed sex 
commercial piglets (DNA 600 Genetics Duroc boar x PIC 1050 Camborough sow) were 
followed through production (from a breed-to-wean sow farm, to a nursery facility and 
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finally to a finishing facility) and were enrolled in this study. Piglets were randomly assigned 
by birth order within a litter to four umbilical treatment groups; 2% iodine, 10% trisodium 
citrate Zurex umbilical dip, a dry dip created using an antibacterial peptide (nisin) mixed 
with talc (formulation concentration = 3.1 g nisin per 100 g talcum powder on a weight per 
weight basis), and no treatment. During the farrowing period, stall conditions (wet/dry and 
clean/dirty) were visually evaluated by researchers on a 3-point scale (3=most dirty or most 
wet and 1=dry or clean). Pre-weaning mortality was significantly affected by umbilical 
treatment. Piglets treated with 2% iodine had a higher mortality rate than piglets treated with 
other antiseptics or those that were untreated, the mechanism of this is unknown, but can be 
speculated that the high alcohol content compromised the piglets. Pig 150 d body weight was 
affected by gender. On average at 150 d old, male pigs weighed 93.5 kg (206.1 lb.) while 
female pigs weighed 86.5 kg (190.7 lb.). In conclusion, pre-weaning mortality was 
significantly affected by umbilical treatment and pig 150 d body weight was significantly 
affected by gender in commercial pigs.  
In chapter seven, we evaluated whether birth weight, umbilical diameter, umbilical 
diameter to birth weight ratio (as a potential indicator of both placental efficiency and 
relative defect size in the abdominal musculature) were effective as predictors of pre-
weaning mortality, umbilical hernia incidence, and pig body weight at 150 d of age in a 
commercial facility. A total of 466 mixed sex commercial piglets (DNA 600 Genetics Duroc 
boar x PIC 1050 Camborough sow) were followed through production (from a breed-to-wean 
sow farm, to a wean to finish facility and finally to a finishing facility) were enrolled in this 
study. Piglets were weighed within 1 h of birth, and the umbilical cord diameter was 
determined using digital calipers. Pre-weaning mortality was significantly affected by the 
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umbilical diameter to birth weight ratio (P < 0.001). Piglets with the lowest umbilical cord 
diameter to birth weight ratio had the greatest survival rate. In addition, the umbilical 
diameter to birth weight ratio (P < 0.05) significantly affected umbilical hernia incidence. 
Piglets born with a high umbilical cord to birth weight ratio had a greater umbilical hernia 
incidence rate in the growing phase. Pig body weight at 150 d of age was affected by 
umbilical diameter to birth weight ratio (P < 0.0001) Piglets with the highest umbilical cord 
diameter to birth weight ratio weighed less at 150 d of age. In conclusion, measuring the 
umbilical cord to birth weight ratio was a better predictor of pre-weaning mortality, umbilical 
hernia incidence, and pig body weight at 150 d of age when compared to measuring birth 
weight or umbilical diameter alone. However, the mechanisms by which the observed 
difference in umbilical diameter to birth weight ratio affects later pig performance needs to 
be further explored. In addition, the interactions between placental efficiency, function, piglet 
birth weight and umbilical diameter needs to be elucidated.  
 Overall, these studies underscore the crucial role of understanding physiology and 
management during the periparturient period for reducing mortality, increasing production 
efficiency, and ensuring welfare of our production animals.   
